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FOREWARD 



This serieF of Resource Guides on Coastal Awareness in Science was developed 
for alemantary, junior high and high school teachers who would like to Instill 
in children and young adults an appreciation of the ecologic value of the 
coast* Each of the Guides contains concepts , and activities which could be 
used in a week long unit on Coastal Awareness* The purpose of this guide is 
not to present a definitive work on coastal ecology* but to entice teachers 
to explore ecological aspects of coastal awareness* A more complete under- 
standing of the coast requires study of the interactions ,of ecology with 
economies J humanities * and govett^ent, 

As state governments develop coastal management programs, citizens must make 
choices as to the most important uses of the coast. An understanding of coastal 
ecological processes will aid students as they participate in future decision 
making. 

The Coastal Awareness Series in Science includes: 

Coastal Awareness in ElOTentary Science j 
—Coastal Awareness in Junior High Science 
Coastal Awareness in Seniro High Science 

These are available from the Office of Coastal Zone Management , National Oceanic 
and Atmospheric Administration, 3300 Whitehaven Streets N.W., Washington, C. 



20235. 




Robirt W, Knecht 

Assistant Administrator 

Of fjice of Coastal Zone Management 



Many people CQntributed thiir time and efforts to the developmint 
of these Guides. Special thanks are due to Dr. Robert Stegner, 
Director of Project COAST at the University of Delaware, and the 
project on Decision Making for the Coastal Zone at the New Jersey 
Council for Environmental Education for permission to use their 
materials. 

Teachers who evaluated the guides were: 

David Madfes* Lowell High School* San Francisco 
Karen E. Reynolds. Havenscourt Junior High School ^ Oakland 
' Joan E. Steinberg, Lafeyette*SchooU San Francisco 

Joan Froede of the University of ColoradOi Institute for Equality 
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from RRD and Bill Welsh of the National Oceanic and Atmospheric 
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to the production of the Guides and Linda Sadler of the Office of 
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THE COASTS 



The shore lines of th© United States—where the land meets the sea^^ 
measure more than 140#000 ta (88,000 mi). If straightened, they would stretch 
more than three timss around the equator of the earth. Our nation's coasts 
Include the sea shores of the continental United Si^ates? Alaska, Hawaii, 
four Atlantic island groups* and nine Pacific island groups. The Great Lakes 
and all the sounds* bays, creeks, and rivers washed by tidal waters are also 
included . 

What are the special characteristics that define a coast, that make 
coasts valuable and vulnerable to ijuman activities? Why and how should we 
protect this vital area of our nation? 

The coast is a place of untold natural resources* It is a place to which 
one can escape, a place to play, to be serene, to be inspired^ In near- 
shore oceaji waters fish can be caught for sport or for food, and the coast 
itself can be a significant agricultural area. Each coast has a different 
history # different pressures, and different problems. Yet, in a physical 
sense, many of their problems may be similar. 

Pollution is one such comnon problem. The Great Lakes are the largest 
fresh water resource in the world* Pollution of these lakes, which beganv 
ih^he^XSOTf^s,^ h^ steadily i forests were cleared, disrupting "the 

natural balance, and increases in population, industry, cpmmerce, and 
recreation continue to encroach, 

•" / ■ ■ 



The development that has plaguad the Great Lakes for a century is only 
just beginning in Alaska* But ctmnges come quickly where the margin for 
life is narrow^ and in the frigid waters of the Bering Sea there is little 
room for error* The Bering Sea is literally the "fish basket" of the northern 
hemisphere* It supports a surprising variety of lifsr including one of the 
largest marine maMnal populations of the worlds what may well be the world's 
largest clam population, one of the world's largest salmon runs, some of the 
largest bird populations per unit area, the world's largest eelgrass beds, 
and unusually high n™bers of bottom^ welling fish^ 

Any coast consists of two primary elements i the water and the land. 
The- area where these meet—tiie coast— has unique characteristics due to 
periodic inundation . and continual changes in salinity^ The biological com- 
position of the coasts is often in delicate balance. 



The science student concerned with the coastal zone will want to investi-- 
gate both the water and the land as well as their interaction. Coastal waters 
are generally rich in nutrients that have been carried? from the land by 
the rivers and streams, Near^shore coastal waters are particularly 
productive* These waters are a basic resource; they are affected by a 
variety of factors — the forces that cause tides ^ the winds that augment the 
waves, and the activities of human beings, including exploration and exploi- 
tation* 



Tm SHORE 

There can be other definitions# but for our study, we define the shore as ^ 
the narrow strip between the high^water and low-^water marks of spring tides. 
Thus, there are regular ^ yet extremely variable local anvironments* First, 
the sea covers and uncovers the coastal area twice daily * Temperature 
ranges may be great within a single day* The salt concentration may vary 
greatly* The extent to which this intertidal gone is uncovered at low tide 
depends on the sharpness of its slope which in turn depends on a variety of 
factors including, the nature of the land ^ its configuration * and the ^action 
of the tides^ currents* and rivers* 

The three basic types of shore are rock, sand* and mud. They are often 
mixed 4together* The'' waves have the greatest influence on molding the shore 
as they break against the land, washing away loose materials, eating into 
hard rocky coasts, and sometimes forming an abrasion platform at the base 
of high cliffs* Powerful crosscurrents deposit banks of sand that have 
been formed by the disintegrating rocks* Mud flats occur at the mouths of 
4^iVf^rs^r--i^r sheltered creeks and inlets where the sediment brought from 
the land is deposited* Ice, weather, and the elments all work to help 
form the shore. 
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Plants and animals are other factors in coast building. Plants may 
act to oind sand and mud together into dry land. Encrusting animals may 
serve to protect rocks or to destroy them. Light plays a significant role 
in tnis environment, affecting growth of vegetation J*hich, in turn, affects 
animal growth and sur^val. 

Estuaries, too, affect the shore environment. Dilution by fresh water 
wiii occur at the mouths of rivers, while increased concentrations of salt" 
wiii occur as a result of eyaporation during the suminer. 



OCEAN IN MOTION: WIND, WAVES, CURRENTS; AND TIDES 



Wind qenerates waves. The wind, blowing irregularly, causes significant 
pressure Jitfarences that deform the water's surface, creating wave crests 
of many heights. The wind then pushes against these crests, supplying 
energy to the waves as they grow and become mora regular in height and 
length. Wave growth depends on four factors: wind velocity, distance of 
open water over which the wind has blown {called the "fetch") , duraMon of 
the wind, and the state of the sea {waves that were present when th^ wind 
started blowing) , 

The wind also plays a part in coast formation. In addition tb their 
indirect effect through action on the water, powerful winds can cut into 
rock, tearing away gravel that slides to the water's edge. They may also 
pick up grains of sand and pile them into dunes. 



WavES 



Waves are the sculptors of the coasts-. Forceful or gentle, loud or 
lulling, they combine two distinct types of motion. One is the circular 
motion of the water molecules within the wave, the up and down motion of 
the droplets. The other is the advancing movement. The actual water mole- 
cules have no horiEontal motion as the wave advances through the ocean. 




Waves are described by their height, lenfth, velocity, and period. 
Period is the number of seconds it takes for two successive crests to pass 
a stationary point. Height is the vertical distance from the crest (high 
point) to the trough (low point) and length is the distance from one crest 
to the next. Period, length and wind velocity are interrelated. Wave height, 
however, is not related to these factors. The height of a wave in meters 
is usually about one-tenth the wind's speed in kilometers per hour. 



CREST 




As they move away from the winds that stkrted thain, waves tend to 
expand laterally and to become lower, more riounded, and more syBmetrical , 
They then move in groups of similar size, called "wave trains",, the individual, 
waves are called "swells." Once a wave train has formed, it will continue 
to travel over the sea until it either breaks on a shore or is flattened 
by opposing winds or wave systems. (In these materials, we will be concerned 
in particular with the breakers because of their effect on the coastal area.) 
As a swell approaches the beach, the topography of the ocean bottom takes 
effect. Depending on wave length and bottom contour, waves may break at depths 
from one-half to three times their height. 

i 

The bottom slope is the key determinant not only of the depth at which 
a wave breaks but also of the manner in which it breaks. A steep bottom - 
results in a wave that retains all its energy until the last possible moment, 
when the crest peaks up suddenly and plunges violently forward into the trough. 
As the crest folds over xt becomes concave, creating a- "tube" or tunnel of air 
on the shoreward face. These are known as "plunging waves." Hollow plunging 
waves are the most challengng for( surfers because their steepness makes for a 
verv fast ride and it is often possible to crouch under the falling crest_— to 
^e "locked in the tube." The plunging waves that curl over th. dangerously 
shallow coral reefs of Hawaii's "Banzai Pipeline" are a famous example of this 
kind of wave . 
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A gradually shoaling bottom rasults in a wava that relaaaas its anargy 
mora slowly. Whan a crest finally bacomes unstabla/ it rolls do^mior spills 
into tha trough and the wava face remains gently slnoed. it is these "spilling 
TOvas" that display whita water at tha erest. ■ 

Irregularitias in the ocean bottom tend to make waves spill rathar than 
plunge. Evan long-*period waves break as kpillers on a flat slopad beach # but 
any suddenly shallow spots will causa most wavas to "suck out" and plunge, 
ragardless of their periods. Most surf zones ara in a state of constant 
changa. 

Wind is not the only ^ganara tor of waves. Earfthquakes on the land or under 
tha sea may causa a drastically low tfde that is followed by destructive giant 
. wavas (somatimes callad tsunamis) hurling relentlessly against the shore. 



TIDES - 

The tides ara important in .determining the character of the coast. Tides 
result from the effact on the waters of the gravitat\ional attraction among 
the sun, moon, and earth. 



The masses of the earth and the mocn exert a qraVifiational pull on each 
other that affects every particle on earth, including water. The force is 
greatest on those particles nearest the moon, but it is much smaUer than the 
earth* s force. Although the force required to pull water vertically off the 
earth would be great, a much weaker force can pull the j^ter horizontally , in 
effect sliding it across the face of the earth. Water is drawn toward the 
point directly "below*' the mTOn, and high tides occur when water piles up in 
this way. Identical forces cause comparable effects on the side of the earth 
farthest from the moon. In both cases, the water Ttfoving into the high tide 
is being drawn away from another region of the earth. Thus, there are high 
tides on opposite sides of the earth on a line directly extended between the 
moon and the earth, and there arfe low tides midway between the Two high tides 
in the araa from which water for the high tides was drau^. 
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Due to the changing j^sition of the moon, a tidal pulse sweeps around tha 
surface of this earth, causing secondary waves that move across the ocaans. In 
mid-Qcean Lh* sedoridary waves ^may be only as high as 1 meter, but where, the ¥ 

.water is ^shallow these sea waves become mwch higher. The increased height is 
the result of a tremendous friction force^-which slows the wave down... _Hhen '^r 

%si%h tidal pulses mov# through narrow channels, the water is "bottled up^V"= 
.The highest tides occur. in, these narrow channels; a well known example of such 
tides i^ the ily 6f Fundy betwee'if Nova Scotia and New Brunswick in Canada, 

Because ^he earth and, the moon move orbitally (the earth around the sun 
i^and the moon abound the, earth) , both thej timing of the * tides arid their range 
vary /in responpe to these gravitatiQrial forcei. The greatest difference 
^ between high^ater and lowwater is-found at the "spring" tide, when sun 
and /moon exert their, force in ^thel^Jame direction during the new or full moon, 
:^ The hMhest tide is during the new moon v^en the moon is in lihe with the 
sun, with the earth between |b hem, and the gravitational pull is all^ in the 
mamm direct^ion. The smallest r or "neap" tide occurs 'when the high-water mark 
is aty its lowest, and the low-water mark is at its highest, 

CURRENTS . " ^ ™ 

The* forces that keep the great mass of ocean water^ in motion are many 
and varied; important among thetn are the heat of -the sun and ^ the rotation 
of the earth, 

\: = .J . ■ ■ ■ ' ■ ^ ^ 

As the sun warms the surface water at the equator, the water 4xpands and 
raises the surface just enough to cause a gentle slope. Water 'at the equator 
therefore runs downhill to the ^^lesl , The heavier polar ^ cold yater 
sinks and spreads slowly along the bottom of. the ocean toward the equator* 
this intereJiange of warm equatorial waters with cold polar watar^s is compli- 
cated by a variety of additional. forces. For example, the earth !s motion 
toward the east affects the wat^r on the surface o'f the earth bot)h directly, 
by.cau^ng waves to pile up, and indirectly, by' creating winds. The spin of 
the ek^h also results in €hft^ „ th^ trnndmncy pi:^Ater (or any 

: movihg. obj^act) to turn sllgh^y to the ri^ht^ inJ the /norther rr hiini and, . 

slightly^ /to Jthe^left in the southern, Cohside^=rt^e> Atlantic Ofceani waters in" • 
the region Ju^t north of the equator, wher^ the Gulf atreAm br^iginates. Heated ' 
by the tropical sun/ the. salt concentration of the water steadily increases as" 
. a^^esult ^ Gonstant^'evaporatiom >(eanwhile^ the trade winds (a consequence ^ 
the dearth's spin) coriiinually blow over >tii^^ warm, salty '^ateJfi, pushing the 
surface waters in a westerly directionxtovrard the north coast o^'the South 
toericiiff-cQ^tinent* ' The^ watisrs^then-mo^^. tow the Caribbean Sea and, on, 
jiorthwesteriy, into the Gial^ of Mexico wh^e^they pile up^, raising the surface 
^ Level , Following its natural tendency t^ se^%fequilibr ium«' ' the' water drops 
into the Florida Stoaits, the only possible egr^^; From •there the Gulf 
stream runs nor thw^d along t hi coast, - - " 



As the Gulf Straam moves north it,'trends increasingly toward the right 
(to the e"ast) becauae of, the Cbriolia effect. By the time it reaches 40O N 
latitude j it ia flowing due east across the Atlantic, has lost considerable 
N Speed, and has 'widehed; i,t has also cooled down. Currants similar to the 
^Gulf Streain it»ve thtf^aters of the Pacific, Indian, and other oceans. 



Other factors affecting water-currents include ice floes, moving from 
polar seas on the cbld currents. As the io* ftoves aouthward it coo la the 
water. Since cool water is heavier than,,'^arm water, it sinks and is then 
replaced by warm water near the surface . 

The most economically import4r.t currents are upwellinga of cold bottom 
water. This vertical 'taotion brf.ngs to the surface an uniasually heavy concen- 
tration; bf nutrients..) Mhen^If shore winds drive surface waters out to sea, , 
they are 'replaced by tha u^elling' nutrient-rich deep water. Mineral-rich 
waters from the lahd add i| the nutrient supply. This upwelling supports a 
rich growth 6f phytopladstoh, the start of a complex food chain, and makes 
^ssible intensive commercial fisheries such aa thoae off the coast. of Peru 
and the Grand Bank off the coast of Newfoundland, Canada. 

" \j THE .SANDY BEACH " 

Of all the coastal '.elements , sandy beaches probably have the highest 
repreational value. .These beaches vary considerably from one part of our 
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country to another* They hav# different sand, different waves and winds, and 
diffarent dunes and other inland, formtions. They are composed of grains as 
diverea as the black lava sands* of Hawaii, the golden s&nds of Lake Michigan, 
the white coral sands of Floricla., and the seemingly endless sandy expanse from 
^ San Diego to Los Angelas, Florida's popularity as a vacation land alswat 
certainly is in large part due to t4ie fact that so much of its coastline is ' 
sandy ocean beach* . '■ ( 




Although sandy beaches differ in. many ways, they also share certain 
characteristics* A cross section of almost any sandy beach in early siitnner 
would probably reveal 'a ^structure like that shoim above. Waves moving on-r^ 
shore break on the longshore bar arwi roll up onto the beach, Each wave moves 
sand from the loiigshoite bar and slowly, almost unperceptibl^, a longer mora ^ 
sloping beach is created* Thenr^as the season changes, blustering winter 
winds and hea%^ seas begin to attack the sloping ^swtnner beach* The wihtet 
waves ar^^ higher, steeper, and clqser together than those of siUTOer, Some 
tMes sand is carried away from the berm and even from the dunes or other 
land .areas behind the berm. This pounding winter wave action generally , 
dep^sitfi^ sOTie gand on the berm, but it carries away far more sand and deposits* 
it in longshore bars, setting the scene for another yearly eyclel 



V The texture of the land plays a rolm in the kind of beach that, will be 
built, because the slope of . the beach relates directly to the particle size of 

.the deposited material. The boarser the partlelfs, the more the waves sink 
Wto the beach, depositing thilr load of sand. Since coarse sand does not pack 
d^wn and is easily moved around, steep beaches result. When the particles are 
finer the sand packs down more iightlyi the waves do not sink m, and their 
action leaves a harderT=3«nfio*h*r'»- *»^-9entl^^ = - 

' •■ ' ■ ■ ' ■ " 

Waves and wind thus work endlessly building, shaping, and Reshaping 
beaches. Large particles grind ^against ea^h other, creating progressively 
mailer fragments. The largest of these .'are dropped oh the beach and smaller , 
less dense particles are carried out to be, deposited in quieter, deeper regions 
of* the ocean. 



Regardless of the season, the markings on sandy beaches ar^^triguing . 
The graceful swash marks left by an ebbing morning tide are composed mostly ; 
of d e tritus - fra gments of once- living thin^^ -that ■ are not only a source 
of food tor^rra-^eaeh inhabitants b are also a treasure trove for human 
be^fr^^lorers. Parallel ridges and troughs, called ripple marks, are often 

-'seen oh sandy beaches, if the ripple marks are in dry sand they were caused by 
wind, "but if they are lower down on the beach they %?ere caused by moving 

- water." "Whether caused by wind or water, the process of ^ipple formation is 
• essentially, the same. When I wind or water moving over the sandy surface meets 
an- obstacle in the surface it turns downward, .excavating a trough.^ The sana 
'thus. thrown up creates another obstacl* and the wind or water then creates 
another trbugh,' " . , 
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LITTORAL CELL 



LOf^GSHORE MOVEMENT 



Ocean beaches aKe moving, active places. that gain and lose sand,, 
continuously. Beach sand is transpocted by' waves,, wind, and wave currents xn 
three kindB of movements : offshore, on-shore,- nnd Ibngshore. When put into 
suspension by wave action, sand can move' laterally along the shoua in'long- 
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shore du^entiat th© same time that it is being moved offshpre and returned . 
onMhore* Sand mov«nant along the shore occurs within relatively distinct 
pactions of the coast, sometimes called "littoral cells," The bdundaries of a 
cell extend f..om the place where sand, is introduced onto the shoreline 
(geherally by a stream to the place where _it is swept out to^ the sea. *^ere 
beach indentatione in the coast are isolated from the general sand moyement 
of the "ceil" within these ..areas, shore erosion and onshore currents can supply 
^sand to waller "pocket" teaches* 

Hmnan activity often has had disastrous effects on the natural supply 
of sand to beaches. Rtducing high water runoff from rivers seriously reduces 
the sAnd supply avail^le since it reduces the erosion along river banks. 
Improper construction of groins r jetties, and breakwaters can change the 
distribution of. sand by longshore currents # causing eKcessive sand buildup 
in some places aftd sand loss in others. The biological production of 
shorelines is also affected when normal water circulation patterns are changed. 
Careful study is needed before any major beachfront modif ication/s are under 
taken, " ^ ; 

The long stretches of sunbaked sand and the breaking .waves that delight 
vacationers are arso wha^ make sand beaches among the most barren of coastal 
environments. Because of .its shifting nature, ' the sand offers a poor pubstr ate 
for anchor ing plants^ Tktts# ..beaches essentially lack the producers in the 
food chain 'and tht few animal residents of the sand must depend on small wave- 
borne particles for food, . Usually such residents are tiny crustaceans or 
iBollusks which live in the moist ippir surface of the beach c^ose to the 
^ water line and filter the food from the retreating.wav s. Other crustaceans. 
mnd .sand hoppers, inhabit the uper beach ^ feeding at night along the tide 
line, lach sunrise th^y dig .new burrows often peppering the sand .with their 
holes, ' * 

p . Baiid^ beacKes are superb places 
for bird watching, . Some birds are 
/full-fledged sWinroers and obtain 
their food from the ocean and the 
ri^ar="shore ocean bottom. Others 
parade ; inceasantly up"* and down the . 
beach at the water's edge in search 
of food* The specific kinds of 
bird iiihabitants -vary from one 
part of the country to another, 
but certain general kinds can be 
recognized . Medlurii^siied birds ^ 




that are flying across the surface 
of the water dr riding oa it are 
likely to be gulls^ terns^ or 
cormorant^* The cormorant is a j 
dark bird that dives and.dis- ' 
appears for a considerable \tiine 
while swinffliing in search of^^food. 
■ Gul Is and terns do no t sw im ffid er^ 
water* Terns can be seen flying 
over^the water and diving intb 
it to catch small fish, but gwlls 
are lass likely to dive for tneir 
food. Gulls, aither singly oi in 
groups, can also be seen on t^e 
beach itself in search of food* A 
group of large birds flying grace ^ 
fully in foannation just above the 
surface of the water is probably 
a flock of peticans. 




Sand pipers and plovers are / 
the smaller birds that run up and 
down the beaches^ carefully avoiti^ 
ijig the breaking waves* They are 
generally long-lpgged/ small toj 
medium in size, and inconspicuous 
in color. Their food consists/ of , 
anJjfial and plant fra^ents that \. 
have been cast onto the; sand by 
waves and the tiny animals tJ^at 
live in th^ upper surfaces of the 
sand ; 
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SAND DUNES 

Sand dunes form whan large amounta of sand are blown inland from, a . 
eonstant source of supply such as a beach. Where the wind is isXowed by a 
log or oltiip of grass/ it drops its load of. sand, and a bound ;slowly builds up. 
hs the mound grows, more san d is de p osited behind it; growing l arger and 
higher / the iwDund becomes a small hill , a ridge , anffTfinally^a Bune. ^ind- 
blown sand blowing up the face and falling down the crest gives the dune its 
eharacteiristic shape - a long sloping windward side and a steeper slope 
on the lee side, * If nothing interferes with the wind or anchors the sand, 
the dune Creeps inland as the wind moves sand, from the windward to the lee 
side* The rate at which a*duhe advances can vary from} a few centimeters 
to many jiieters per year. A fast-moving dune can bury everything in its 
path. , s ' " . ' ^ ' \ 

The movement of sand dunes may be slow^ by. the invasion of pioneer 
plants that can root and grow in the shifting sandsi of ten' it Is grisses, 
such as Marran grass --or %ov3rty grass— which begin the stabilisation 
process: After the clumps of grass have become #stablished, shrubby plants, 
can take root on the lee face of the dune. Protected from the wind 
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and with their roots olose to the water table # these ihrvJas often farm dense 
thieJCieta, providing shelter and food for small m^mtals and birds. 

"■ Dune li£e tends to progress ffbm that of bar^/ sand to dense woodland, 
but this progreislpn 'can be halteca ajn^^. hundreds^ of years, of g^rowth destroyed 
in a very short time. Hurricanes^ fires, or construction^ (the building of 
homes ^ cbttages, or roads) can disrupt the stability that _tdok so long to 
establish. When a break in the vegetation mat/ occurs ^ the wind can guidkly 
charge through it^ tearing at the roots of nearly plants, as suceessive 
clumps of plants are exposed* more and more sand is released* and the dune 

begins to move again. / 

/ ■ ■ • . ■ ' ' 
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\ , / ; ROCKY SHORES ^ :^ 

Rocky shores are the coastal areas, where the confrontation of land 
^(c;pnti^lent or = island) with the ocean is mpst^^fyident; Here the trocky under= 
pinnings' are ceaselessly attacked by moving water, sometimes on a apectacialar 
scale, ,For e^amplef on our, Pacific shorasi where wind-driven waves can build 
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lip over almost 10,000 toi (6^000 mi) of open ocean, the surf ie as violent ^ 
as anywhere in the world, , Even norm 1 ^nter storms generate 6m (20 ft) ' 
mves that break against the shore with a shock equivalent to an automobile 
striking a wall at at^ut 145 km/h (90 mph) . 
' ' . ■ = ' 

Even though the glass beacon on Tillamook Hock light house on the coast 
of Oregon is some 42 m (140 ft) high, a grating had to be installed over 
the glass to protect it from rocks tossed up by the pounding seas* Of course^ 
..not all rocky coasts are as exposed as Tillamook Rock. Offshore islands^ 
reefs ^ and headlands provide protection from the pounding surf when they are 
in the diraction of the prevailing winds* - 

The^ composition of the rocky shores ut the United States varies sig- 
nificantly from one place to another. In the northeastern United StateSf ■ 
shorelines are made up largely of metamorphic and intrusive ignpous rocks, 
but those on the southern ftllantic coast .might be sandstone, coarse shell * 
gravel', or coral. Continental Pacific coasts are largely sedimentary rock , 
and the Hawaiian coasts are igneous rock. The shores of the Great Lakes 
have rocky coasts , spme of 'IWiich are formed by older sedimentary rock ar^ 
others by ancient metamorphic rock. Since the nature of the rocky subjitrate, 
the rate at which it erodes, the forms produced by erosion, and the 
mineral content released are so vairiable^ it is not possible to deal with 
these factors in a publication of this nature* Teachers who want ^ explbrfe 
the rocky coast should research their coastal zones in one of ^he publications 
cited in the bibliography. ' - 

' The kind of biological c ^^nanunities that will live on any particular 
rocky coast is determined largely by the degree of ejqposure to open surf # - 
and by the extent of tidal eaqpo sure. Life form's can vary significantly ^rom 
one. side of an island or a headland to the other because conditions^ which 
regulate life are so different* Regardless of their e^tposmre to violent surf, 
rocky shores are much niore active biologically than sandy ones for they f 
offer a solid, umnoving (albeit hazardous) place where ^ both "plants and - 
animals can attach andt' Survive,, Thus^ #bcky shores are better than sandy 
ones for providing oppdrtunittf^s to observe a wide assemblage of marine 
organisms. - " ' 

significant differences in the appearance of the marine shoreline are 
evident at high and ici# tides, A careful observer can^iee the orderly pro- 
-gr^esaion_Qf_£lantrs and aniinals* These species lie in horizontal "belts", 
across jbhe shore, ^neTW^^^^^^V4=aiio_the^ 

In many places^ these strip#^ (or^zqnes) are brightly colored by the~~^~^ 
resident:^ brganismg^and. therefore sharply delineateSi a view of them from the 
shore is .often startling. On other coasts such^ones nftiy be Jess obvious and / 
more difficult to distinguish, but they are, rarely absent . v m 
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' Loeal zonation may vary considerably. Zones of a rocky face directed / 
■seaward wlli differ %xm zones facing the land or from those. at. right angles ■ y 
to th« shore. Zon«s on- a smooth, sloping rock surface may be imnediately / - 
apparent whereas a shore of brokeo rock lying at random angles may seem^ not 
to have a pattern of zones at all. Similarly, the zones found on sunlit 
slopes are noticeably different from those in areas shaded by overhanging 




\ Adapted from Marine Advisory Publications 
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Turl^ulenca^ governs the life of organisms living between tidemarks on 
rocky coasts. Even when the ocean surface ^^sars to be calm, there is 
usually a swell which, explodes when it strikes^ the coasts Animals that live* 
there seem to prefer this turbulence, and the highly aerated water it produce 
is crucial to their existence* 

Organi^s -living near the upper tide mark must be ablest© resist 
"desiccation during low tides. Many intertidal organisms, have developed 
anchoring mettods that keep them in place even during storms which batter 
them for hours on end* | By artd large# it is the adaptatiori of such organians 
to life under very speiial conditions that *governs intertidai conation. 

The fxtreme variations found in coastal areas in the- United States 
make it difficult to recognize . the Eones between tidemarks. Thexfollowing 
definitions of the intectidal subdivisions may therefore be helpful, 

SPtASH ZOKE ; \ ' 

/ ■ •. ^ - ^ ^ ; • \. ^ 

The splash zone is the area of transition between water and land* \ 

Al^though it is .affected by spray, -it is covered by water only at the highest 

:tides or during storm's* toimals that might inhabit ihis area are the peri^ 

winkle snail and the pill bug, ^ ' . . 

HIGH TIDE ZOm ^ ^ / 

«' . " » - , . " - ' = . ! ; ' 

V^ere the high, tide gone is most fully, d^eloped, barnacles /form a 
dense^ almost cohtinuous sheet on the rock^. Often this sheet has a 
sharp uppe^* limit which, is a vary conspicuous part of .the shore line. 
On some shores limpets are" present with the barnacles. Rock weed oan be 
found in the lower edges of this zone* 



MID-TIDE ZONE \^ . ' \ 

■^. ^ \ ^'^ i ' . - 

-Each day the mid-tide zone is^ usually uncovered twice, (at l^_tideL_ 
and covered twice (at high tide), Animalsjjound^here «w~^e in 
the deeper waters that M^Zno^-^s-affected by . tidal fluctuation* Sea 

nemones, -star^ishT mussels, and hermit^ crabs are'^freq^ently found in- . 
tEla zone. ^ , . ' u% 

UM^Tim ZONE _ ■ , . , \ 



Only during the vvery lowest tides, once or twictf a month, is, the 
lowtide zone exposed to view, and then, only briefly,., ^Anintols found^in 
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this zone can also be found in deeper water. The animal and plant pop- 
iilaiions of this zone ire large and' varied. In cold temperat. regions, thase 
populatiohs consist of forests of the brown algae with animals and an under- 
growth of small plants on .their/holdfasts. Coral reefs coirationly include 
or encompass the. upper edge of the rich growth that extends down the ; 
reef face >^^i/^'" T»w-wrfter level. In warm temperate regions the low-,, 
tide zone may support, dense colonies of tunica tes and otner 
well" a's, dense growths of red algae. 
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Beffcre visiting your coast c6nsult . a local publication which describes 
in some detail- the organisms present and their distributio Living ; 
prganisms sho*l4 b« -bbserved where they are found, not -collected. Dis- 
turbing the shore :i%ne . in' ..any sig^ficant way is to be avoided at all costs-i 

. * Remanber that rocky coasts can bfe, dangerous' places to observe, es- ; J-,: 
pecially at low tide when tlte tei^ency is to »ik out as far as possible.: 
Even on re'lati'vely calm days^^unpredietable .large swells may depjop, ^|-„. 
carefiul watch, should be maintiir^.- ■ if % ^ 
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ESTUARIES 
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An estuary is a- partially enclosed ^dy of* water connected ^to the 
Men sea; 'thus, -the steawater is ^diluti0,iy fresh water draining: from tlie 
;UndV : An. estuary is the site of . forceful: interaction between sea, land, 
acrid air. . - : ; / ,> : - 

■ Along the coists 'of the United States &r^ aae almost 900 estuaries 
of many different types. Along the Atlantic/coast-there are drowned-, 
valley estuaries,- exemplified by Chesapeake and Delaware Bays. Estuaries 
that develSed behind^ barrirfr beacheg* are- found at Ocean City, Maryland, 
and at BisoLne Bay,; Florida, In , contract, the estuaries along our north- 
-west Pacifilcoaltline are rtajestic gl*cier-goug^d Jjords,;where the Ji^ers, 
are contaiiie¥%y steep rocky 'slopes. Earthquakes, land shifts, and other 
violent actions have: created estuaries .such as' San Francisco Bay., 
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Despite some very apparent differences, some characteristics appear 
to be coimnon to estuaries; fresh water at the river end, salt water at 
the ocean end, and a mixing system between them. In most estuaries the 
salinity gradient ranges from 30 to 35 parts of salt per thousand parts of 
water at the ocean end and to zero salinity at the river end. Water 
samples from estuaries usually show that deep v^at^rs are more saline/ 
than shallow waters^^ that is, a vertical gradient of salinity exists. 
This gradient not only moves up and down the estuary with the ebb and flow 
of^ the tide but ats^ 'responds to high and low flows of river water. The 
net. transport of the less salty water at the top is seaward, while the 
saltier water moves inland along the bottom. Thus, a stratified system, 
with a distinctive pattern of circulation evolves, resulting in the 'movement 
of surface organisms toward the sea and of .bo.ttom organiras toward the river 

Although the circulation patterns in estuaries have many characterlsti 
in common, different estuaries may have significantly different flow 
patterns. For exairiple, in the delta of the Mississippi Riyer, the volume 
Of fresh water is so. great that the fresh ymtBT overruns the salt water 
of the Gulf of m^igo and a tongue of less wline water eKtends far out 
into the salty ^dulf of Mexico. in Chesapeake Day, where^ the outflow of 
fresh water and the saline tidal inflow ai^^ nearly equal, a distinct 
-salinity gradient is formed and the water /Stratifies within the estuary. 
h variety of other factors (such as the nature and slope of the bottom, 
and the force of prevailing winds ^ the amount and timing of rainfall) 
also affect the circulation .and salinity of estuary waters. > 

Rivers flowing into estuaries carry with them erosion prbducts and 
detritus which tend to settle out as the current slows in the estuary* 
As they near the bottom^ these sediments tend to be carried inland with 
nutrients carried in from the ocean i this creates a kind of nutrient trap 
that makes estuaries highly productive eco-systems. At the same time, 
the constant input of solid material from the river outflow contributes 
to the filling of the basin or to the creation of a delta extending into 
the saa. Unfortunately this deposition of soiids also 'serves to trap 
cbntaininants such as heavy metals, pesticides, pathogenic bacteria, and 
toxins. Increasing densities of industry and population along ^coasts 



Thm food chains in estuaries include two distinct populations of 
primary producers - phytoplankton and rooted aquatic plants at the edges 
o£ the estuary. The abundant zooplankton present include larvae of most 
of the orfanisms. that live in the jtuary. The behavioral patterns of 
many species of zooplankton keep them within the circulation pattern of 
the estuary and prevent thtfEi from being washed out to sea. 

Benthos (bottom-dwelling species) are usually more abundant in estuaries 
than in either fresh or salt water » envirorunents. These spepies are quite 
diy^erse, ranging from annelid worms through a variety of crustaceans 
and mbllusks. Many feed by various filtering processes, an effective way 
of trapping the nutrients flowing through the estuary. Oysters and clams 
are the most commercially valuable of these filter feeders harvested by man. 



The benthic populations range front fresh to marine envirpnmants , 
but the most dense taeds are often near the center of the estuarine 

system. The distribution of the oyster, for example , seems to be oontrolled 
primarily by three factors: the upstream limit is set by the maKimum flow 
of fresh water from the riven the downstream limit is set by predators 
and parasites which are found only in high salinities; and the lateral 
limit depends on the presence of a relatively firm channel shoulder. 

Among our coastal fishes the most commercially valuable species are 
either partly or entirely dependent on estuarine environments* Fish 
use estuaries in many different ways. Some populations of striped bass 
spawn near the interface of fresh and low-salinity ^ter, othars move 
farther into the rivers i and some populations are even adapted to fresh 
water. In an estuary, eggs and larvae drift downstream. The developing 
fish feed throughout the system until they are adults and the cycle begins 
again. 

Anadromous fish, such as the shad or aalmon, spend their adult lives 
in the open ocean but return to fresh water to breed* Shad also use the 
estuary as a nursery for the first summer before the young fish move 
to the ocean* In contrast, the croaker, which also depends on the waters 
of estuaries for reproduction, spawns at the entrance to the estuary and 
the young are transported upstream to the plankton-rich, less saline part 
of the estuary, where they develop before returning to the ocean. 

Open ocean fish, such as the bluefish, whose early life histories are 
totally marine, migrate into estuaries as adults to feed on the ^bundant 
food available there. ^ / 

/ ^ • 

These varied patterns of estuarine use are concurrent as each ipecies 
follows its ovm seasonal and reproductive sequence* Thus an estuary may 
include the regular or occasional pjresence of several hundred species of 
fish. The low-salinity portion of the estuary is of exceptional importance 
since it receives the eggs, larvae, and young of fish wi\th different 
kinds of spawning patterns* Although this aspect of the estuary is highly 
valuable, its value is not obvious because these stages irf the life cycle 
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of fish are not imediately recogniEable. Since many large cities are 
located near estuaries 'Close to the head of navigable waters / this potential 
impact merits special attention. 




NmRSHES 



Marshes are broad wat areas where grasses grow in abundanGe. 
mimn they are^ located along the margins of pondSr streams^ or rivers, 
they are freshwater marshes. When they are found on ocean coasts or along 
the banks or margins of estuaries, they are salt water marshes. Salt 
water marshes are the nurseries of the sea* They are the most productive 
land on earths producing three times more than the best wheat lands. 

Biologically, marshes are -transitional between w^t and dry areas,, 
and they are usually very productive in terms of the biomass they can suppori 
if undisturbed by nature or man, most marshes gradually fill with detritus 
and are eventually invaded by dry land plants. 

In freshwater ecosystems, marshes contain such water-tolerant 
species as cattails, bullrushes, horsetails, arrowgrass, flowering rushes, 
buttercups, crowfoot, and many types of grasses. These marshes are also, 
-homes for mtoy aquatic insects,, amphibia, crayfish, isopods, birds, and 
aquatic mammalsr when they are associated with permanent bodies of water, 
they may serve as ndrseries for young fish.- Lake St, Clair (a very wide 
area in the isthmus connecting Mke Huron with Lake Erie), which has 
extensive marshy areas built on the silt deposited from Lake Huron, is one 
of the most productive freshwater fisheries in the world. 

Salt water marshes can best be classified by their relation to the 
land or the ocean. Of all salt marshes, the most maritime (bearing th^ 
closest relation to the ocean) are those that develop on relatively open 
coasts. They aire bathed in sea water at almost full strength since the 
freshwater drainage from land is usually minimal. These marshes are 
usually rich in algae, including freeliving species and tiny forms of the 
brown algae derived from normal forms that are attached to rocky shores 
near the marshes* 

Marshes at the mouths of estuaries, usually found in the lee of coastal 
spits, are the next most maritime of the salt marshes. The coarae'^ 
grained soils of these marshes are subject to stronger saline influence 
than those of marshes further up the estuary* As their distance - from the 
ocean increases toward the middle and upper reaches of the estuaries, the 
marshes tend to become progressively more terrestrial since the water 
becomes progressively fresher. 

Despite the wide range of conditions in the United States under which 
salt marshes exist, some general statements about their formation and the 
distribution of organisms within thma can be made. Salt-marsh formation 
usually starts in an area that is subject to twice-daily salt water 
(tidal) inundation. Salf-Mrshes are replaced by freshwater marshes at 
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the upper level of tidal influence , where tidal iDUndations occur only a 
few times a year* Between these two extreines, plants and animals 
thrive according to the range of conditions they can tolerate conditions 
that are dominated by the tides at the lower levels'-'^and almost independent 
of them at the upper levelsp 

Some factors of crucial importance to the survival , growth, and re=- 
production of organisms in the intertidal zone are the intensity 
and frequency of mechanical disturbance due to tidal movement; the vertical 
range over which the tide operates, which determines flooding depths 
and the vertical extent of the marsh; the form of the tidal cycle, which \ 
determines both the frequency and the length of submergence and emergence; 
and the water quality, which determines, among other things, the amount 
of light reaching submerged growths and the salinity to which they are ^ 
subjected^ 

Grasses are the most prominent plants in salt marshes* Cord grass 
in a long and a short form, is the grass most likely to live in marsh areas 
covered by water at high tides. Other salt^tolerant plants and plants 
tolerant to salt spray make up the upper edges of the marsh and vary with 
the locality* 
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Animals are widely distributed in salt marshes and the adjacent mud 
flats, although their distribution patterns arie not as obvious as those 
of the plants. Mud flats ara occupied fay burrowing creatures such as 
marine, worms and clams, which are fed oni^ turn by other organisms. 
Fish coma in with the tide to feed on the abundant small forms of life 
that occupy the marshes. Birds are prevalent in marshy areas. Somef such 
as the marsh wrens, swallows, ducks, geese, herons, and rails nest in or 
around marshes and get most of their food from them. M^mnals such as 
raccoons, mice^ rats and, less often, otters and mink inhabit marshes and 
feed on other organisms that live there. Marshes are also crucial stopping 
and feeding stations for flocks of migratory birds. . 

Marshes are rich in nun^ers of species as well a^' numbers of individual 
Species with aquatic larvae, such as mosquitos, gnats, and dragonflies 
are well represented,. Other species, such as grasshopper and cricket, 
enter the marshes to feed. 

In a terrestrial grassland, energy conyersion relies on diract con- 
sumption of green plants. In contrast, energy conversion in salt marshes 
relies on decay as the chief link between primary and secondary productivity 
Only a small proportion of marsh grass is grazed while it is still alive* 
Not only is the role of phytoplankton in energy production in marshes less 
than it is in open water, but also cloudy rater or turbidity, may diroinish 
algae productivity by reducing the amount of light available for photo- 
synthesis* 



The food chain of nature is complex. Each step up the chain involves a 
a dacrease in the number of organisms and an accompanying increase in the 
amount of food they consume* At the bottom of the food chains 1000 pounds 
of phytoplankton will result in 100 pounds of Insects and smII animals. In 
turn 100 pounds of insects result in 10 pounds of fish, ducks and birds. 

Although it is not shown on this diagram, people are at the top of this 
staadlly narrowing food chain- As in the other steps, it takes 10 pounds of 
ducks or fish to produce a one pound gain in humn beings. 
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ACTIVITIES 



Coastal Awareness Activities for Middle and Junior High Schcx)! 

Students 



Two elonents are coimnon to alL activities suggested in this collection 
each requires a concrete eKperience as a basis for learning, and each re- 
quires an action on the part of the learner. A range of activities ia 
offeredi some must be pursued at the seastwre^ others in freshwater 
environments, and still others in/ the classroom. Teachers are encouraged 
to offer the widest possible selection of activities to their students* 

i 

Since some of. these activities involve children working at or near the 
water's edge, sti^ents must be instructed in how to behave in these 
potentially dangerous coastal areas. They must be instructed not only for 
their own safety but for the protection of the anviroranent. 

Teachers will note that suggestions are generally written as directioni 
to students rather than -to teachers* This is largely a space-saving device 
that allows for more rapid skimming of ideas to see what is available and 
suitable to your enviromnent . \ 




Make a sculpture or another art form fretrt litter you collact at the 
beach* Take a pictture of it to display in the classroom or at home* How' 
should you dispose of your art work? \ 



Measjuf ing Sand Dunes . . ^ 

Make a clinometer (an instrument used to ditetoine inclination or 
slope) by gluing a soda straw along the straight edge of a protractor and 
attaching a weighted string to the zero mrk in the middle on the straight 



edge 'Of the protractor. You also will need a stick that comes up to your 
aye level from the grouwi. Plant the stick at the top of a dunm. From the 
bottom of the dune/sight through the straw to the top of your stick (the 
curve of the protractor will be on ^the uhdersida of the straw) Note the 
angle of the string hanging down ov^ the curved side of the protractor. 
Subtract this nuntoer from 90^ (vertical) to find the angle of the dune • 
Measure the front and back angles of the dune, Which is the steeper? Whieh 
would slides nor e easily? Can you pile .sand from that dune at a steeper 
angle than the back slope? 




Ideas for teastal Qbservations 

Visit a rocky beach at low tide. Take along pieces of fresh shrimp or 
fish and feed sitall crabs or aneiflonesi describe how they respond. How many 
other kinds of living things can you see in the tidal pool? 

At low tide, put some mud from a tidal flat on a piece of window screen 
and wash it gently with water. Describe what you see. Look at soma dock 
pilings while the tide is still out. How is the part that is covered at 
high tide different from the continuously exposed par-t? Describe any living 
things you see on the piling, # 

, Put a stick in the sand where you thlyy^ the high tide will just reach 
it but not wash it away* Watch to see what ' happens , 
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using Tide Tables 



PTOple who live near oceans can plan exploratory trips to the sea 
shore more effectively if they know what the tidal level will be when they 
gat there. If you want to go to see the anajnals that live at the lower 
level of the intertidal zone then you should visit the shore when the tides 
are at their lowest ebb. You can find this information by getting a tide 
table for your local area. Reading a tide table seems difficult at first s 
practice on the sample below which was taken from a table constructed for 
Breakwater Harbor, Delaware. Tide tables give you six kinds of information 

OCTOBER 1970 

Month. 

Date 16 0236 -0>5 Height of tide 

Day o-^ ^^-k ™ ^^d^ tid&s and 

" ■ ' 1524 »0.4 2 low tideB) 

2136 4*4 ^ 

The time is based on. the 24 hr where 0000 is 12 o'clock midnight and 1200 
is 12 o'clock noon, So^236 would be 2i36 AM and 1524 would be 3:24 PH, 
The height of the tide is related to the mean low water level, A nuntoer 
preceded by a minus sign means the water level will be below mean low water* 
No minus sign indicates the height of the water above mean low water. 



17 


0318 


-0,3 


SA 


0954 


5,4 




1612 


-0.2 






4,0 


18 


0406 


0,0 


SU. 


1042 


5,2 




' 1706 


oa 




2312 


3,7 


19 


0454 


0,3 


M 


1136^ 


4,9 




1800 


0,4 


20 


0006 


3,4 




0548 


0*6 




.1230 


4,5 




1900 


0,7 



Using the. info mat ion above an ^er the following quaations* " 

1, What day of the week will have the highest tide? 

2, On v^ich date will the high tide be the lowest? 

3* Which day would be best for looking for organisms farthest down ""^ 
the beach? :^ 

4, Using the 12 hour cloeh what is €he best time to visit the beach on. 
Sunday during high ti#3 j? 



At high tida Mke a map of a small section of coastline. Put in rocks, 
curves in the beich, and the location of logs and other things that are 
lying on the beach- Make another map of the same place at low tide. Compare 
your maps . 

Put a rock in the sand j ust balow where the waves are washing up on the 
beach. Do this only if the waves are small and not dangerous. After each 
wave goes out look at the sand around your rock and describe what is 
happening* 



Beach Currents 

Is there a beach current? You can often determine the direction of 
beach currents by obwrving the direction taken by floating objects thrown 
into the surf. Brightly colored objects—balls or balloons partially 
filled with water — ^make good objects to observe. 

Dp the currents along your beach run parallel to the coast? hxm they 
influenced by curving coast lines or headlands? Can you measure the rate 
at which the ci^rent is nK^ving? 

Hark off in the sand 50 or 100 steps and time how long it takes your 
object to move that distance. ■ \ 




Sand in Motion (Erosion) " ' 

way is the sand moving? Plant ^ stake in the sand midway betweim 
the highest wave mark and the low point of wave recession* Does sand 
accumulate on one side of the stake? Is it washed out from another side? 
Can you deoide in which direction sand Is being ingyed? 



Meas\tfing Tidal Change , ■ 

' Mark a stake in centimeter intervciis, and vmen you arrive at the beach, 
dxive i^ into the sand so that^the water covers the lower part of the mt^m 
after the waves have recede. Watch the water level on the stake. 



is the 
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Cpiido coming :in or going out?, ' Can- it»u measure the vertical ^diatanee (up th^ 
•^"^ state) 'traveled by. the water during .your stay at the beach? / 

Oil Spills. - . . ' " _ , ' 

. How would a small' oil spill- affect your coast? You can use nonr , ' 
polluting material to represent drops of oil. piek a dock or some 
prominence that extends out into the water as, the place to have your "oil 
spill, w Throw, your siniulated oil drops (leaves, shavings, o^ sawdustt' 
.. into the water-and, watch what happens, ■ 1^ 7 

Itoat factors , determine . where your spill reaches the coast? How big 
an area is affected? which animals and plants collect the most "oil"? 
Bow would your oil spill affect recreation in your area? . 

Measuring Wind Erosion 

Coat the- tpp ia oin of the sides of a short, square post (a four by four 
will work) with petrolemfi jelly, gink- the post into a section of sandy 
b^ach. Observe the 'post after 24 hours . On which side is the sand the 
highest? In which direction was the sand moying? What was happening to 
the beach— was it being built up or eroded? Does this pattern 'change from 
ly,g» tide to low tide, from day to day? Wiat is the most sand that will 
collect- by the post in one day? < • 

Prints bf^A^atic Plantj 

Buy some ozalid paper from' a store that Imndles drafting supplies. 
It comes in a roll and you will have to cut it to the slie you want in a 
dark,rdom. using glass, :-a*Miace of cardboard the same size as the glass*.; . 
and masking tape to hpld them together on one side, make a frame for' exposing 
the.paper. Sheri. cut pieces of Ozalid paper to fit in the frame.' Place a • 

f??***®*' or other material you coilect^ from the beach) between 
the glass and" the sensitive side of a piece of the paper. %ess the card- 
board against yie^per>ajid -hold the glassj^AEd-the sun. Red paper will " 
take aboiit 15-2S seeehds of esflpos^jesbSffl'^Sr about 20-35 seconds, and 
black about 40-50 secondm^^i.^tf'^y have to experiment to get the" proper 
timing.; ;. % , . - 

Remove the Ozalid paper from the frame in a shaded place. Roll into a 
cylinder, put it in a large containing a small open jar of concentrate 
aaro an^' cover the top of the large, jar. Tfie fwes from the ammonial: 
will develop the print in 3 or 4 minutes... If print* are- too pale, they were 
not exposed to «imes,_long enough, v dark, hea^ prints iMl^^^^ 
.es^sure. use a fresh supply of ammonia each time ^u print f concentrated 
annonia usually is available at drug stores. Household aumonla is. not 
concentrated er»ugh. Do ,M>t Bihaie fta fumes from thje jar . 




bb^ervlnq B^imles ; „ ■ . • . : 

. Take a plastic shoebox or similar container with you to a rocky iea 
shore.- Find a rock that has barnacles on it that will fit in your container, 
cover the .barnacles with sea water, sit back, and w^tch what happens. 

' What is the function of the fbur plates on the front of the barnacle? 
When the barnacle opens , what comes out? Make a shadow across the top of an 
open barnacle. What happens? What happens when you put a few drops^o^ 
fluid from a crushed clam or piece of fish near an open barnacle? Wien you 
have finished, .carefully put your barnacle rock back where you found it, 




Watching Aquatic Organisms With a L ook Box 



A "look box" will 'allow you to look into the water, on the bottom, and 
to see things not eaiily seen from above the water. To make your" look box, 
remove both ends from a large (#10) can, and tape clear Pla^t" *^*P^«J~^^ 
the openings, or use your Imaginationto design your own kind of look box- 
Bring extra plastic wrap and tape with you to the.,coast in case your box 
is damaged. The .secret to seeing with such a box is to move slowly and 
carefully, and to be patient.'. 

How many kinds of moving animals can you see? How many are attached? 
Are the fish in the open or hidden? What kinds of plants do you jee,^and 
are they just in some places or everywhere? Make a sketch of the things 
in the small area you are observing. t*-- 



Hermit crab Houses ' : 

DO hermit crabs on the coast near you prefer to live in articular kinds 
of shells? Take several containers with you to a section of. the coast ^ere 
hermit crabs live. Pick a single tidal pool and carefully pick «P the 
hermit crabs you can find.- Sort them into containers by the kind of shell 
they have You don't need to know the kinds of shell--onl^ how they look. 
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Count' tfiV nyuabsr/ of erabs in aaeh eofitalner and then release them. 



Is one kind of ahell prefarred? Survey another pro 1 to see if the 
ahoioes are the lame* Make a chart ahDwing the ghapa of the ehella and the 
nii^jers of eraba in eaoh, C^n you identify the kinds of shells used mist 
m7 " ' 



Populations on Pilingg ' 

Is there a pattern to the way animals and plants gprow on pilings in 
salt-water estuaries? Find a plaos where ^u aan examine the underwater 
portipnvof several pilings during low tide i the lowest tide is the best time* 
Carefully observe and reoord the kinds of organ^^s present oh one piling 
and the vertioal spaoe they oeeuR^r^that is> whieh organiems are highest on 
^ the piling, whibh the next highest^ and so on* Then enamine one or two other 
pilings* What are the oenron eharaoteristies with respeet to distribution 
of living things on the pilings? ^mat are the differenees? Wiat do you 
thiiyc af feats the distribution of these living things? 

Bird, Behavior 

Find a domf or table plaee to sit along the coast in an area where you oan 
see more than one kind, of bird* ^ 

Watch the groups of small birds that are peoking in the sand just above 
the wave line. How do they keep from getting wet? Does the group have a 
leader? What are they peoking /at? ttn you find out? Watoh one meBrtaer of a 
partioular speoies of bjird foriten minutes or so. Look for and reoord the^ 
following kinds of things aboul that birds the kind of bird? how it holds 
its body wton it walks (horizontal, upright, in between) ; Its^ gait (top, run, 
or waddle) I groOTiing (does it| groom its feathers? How?) , Also note whether 
it afaiias its tail wl^ri it lands i whether it files in a straight line, 
undulaies (up and down) , gli^bs, soars, or flapsi and whether its wing 
beats are fast or slow* DoeJ it get. its feet wet, land on water, or land 
on busnes or trees? 

Observe several kinds of birds in this way and make a ehart of your 
records to show the differences and similarities among the birds you 
watohed* ' 



Bird ;syrv#y 



Vimit tyo Q£ worm typmB of coastal area 
beach, vmat kir^g of birds a« found in ea 
ing biEdi^ wading birds # or miimrnvml Ids 
^you can. Viiit thaee places during mora 
birds present in eaoh ohange with .ohanging m 



Poke PolaFish Survay 



What kinds of fish live in ro^ky intert 



sueh as a Mrsh and a robky 
ch? Where are there more perchT^ 
ntify as many of these birds as^ 
thari one season. Do the kinds mt 
easons? 



Jidal' areas? You oan/ find out 
what iome of them are by goinci fishing with ja poke pole. Make/your poke 
pole from a 2-3 m (6-10 ft) pt .e of bamboo dr some other material, Tape 
about 30 GBV (12 in*) of heavy wire with a size 2 or 4 fisW^k on the end of 
the pole?' is em (about 6 in,) of wire is ^fttaohed to the Wle and 15 om ^ 
hangs out, with th# hook on the end. File the barb from/the hook so that 
you can easily release fish without da^ging tiiepa, ^iX^ir^ of fishing 
should be done at low tide, fcut if th^e are large wav4s you should stay 
away from the edge of the water* Bai't the hook with/tnussel, shrimp, or 
pieces of other marine animals. Wish by putting thd pol^e into deep pools pr 
arevides in the rock, wy many pools, keep a reoofcd of the kinds ofv^fish 
you catch and where you caught thim. You shoul^/ be able to release. moet 
of your catch unhaimW—unless of course you are very hungry. 



What Kind of Organism Was It? 

~ ■ ' ' ' ^ ~/*~ 

walk alo^g the beach aoen after hig^ tide. Make a colleetion of the 
fragmenta *bf what- were once living thltigs . BEamine eaeh, fragment very 
carefully. Try to answer some of th^ following questions about each one; 
Waa it a plant or animal? What did it look like when it was living? how 
big v«s it? pmere did it live? How did it get to where you found it on. 
,^ur b^ach? Can you trace the path it took? , 



Life on a Rocky Beach ^ ^ 

^ Visit the beach at Ibw tide,, and take with you pictures or descriptions 
of plants and animals that are commonly found in tlmt area. What kinds of 
organisms ate most coimiwn high, up on the shore, but within the tidal zone-- 
plants or animals? What kinds of organisms are most connnon in the lowest 
level es^sed by the receding tide? How would you name these areas if you 
used the prevalent organisms to identify erfch zone? Wiich organisms are 
beat adapted to live for the longest period of time in the air? Are there 
more, water plants in the higher or the lower zone? 



ftquatie Coastal Inhabitants _ 

Several students should cooperate in. this project . Any coastal area 
that Is occupied by visible inhabitants is suitable. Select a length of 
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Goast that can easily eKamined in the tirte available. Use graph paper 
to.help you'^katqh the coast before you begin the siirvey. Each time you 
find an organiain, observe and examine it. Record its description (in words 
and/or pictures) along with the depth, of the water where you found it or 
its ioeat ion on' the . beach,; - 





































■ WA' 


ER Lir 


E ' 

























































































Beach Hoppers . ' . 

If you were a baacl^^ hopper (iho^ far could you hop? To find the anawar 
this question measure yoi^ length (height) , the length of a beach hopper, 
and the distance a beach hopper hQip§. Substitute these data in this 
rnqosktiont 

your height _ length of hOTper - 
X distance hop^^r hops 

Clams ^ '^"V 

^ If you live near a sand or mud fltjt in an estuary, you can dig clams, 
¥ou will , need a shovel or trowel and a bucket without a bottom , GO to the 
flats and find thet|likely. places to look for clamS in your area^ using clam 
siphon holes as indicatorg of good places to dig. First, jump or bing on the 
surface of the flat so the clains will draw in their siphons; this way ypu 
will be less likely to injiire any of them* Dig around a siphon hole but not 
too close to it- to avoid/ breaking the clam's shell, VAien your hole starts 
to cave in^ put your bucket in it so that the siphon hole is near the center 
and the bucket is Jtaried almost to the rim,. Dig with ypitf hands now, lAien 
you locate a clam/ loosen it carefully before you attempt to lift it out* 
(You nay wish to wear gloves to protect your hands from broken shells and 
glass,) Remember to rebury each clam in the tole from which you took it. 




tew that you know and have followed the procedure for locating clams# 
see if you can answer the following questions! ' 



How far up the beaeh do clams live? , 

Can you pradiet the giza or kijid ©t clam from th© size of its siphon 
hoi©? 

DO iittla olmms^live oloear to the su^^f ace than large ones? 



^ - ^ How ina^y kinds of elami live in-this tidal area? 

Do clams liva alone or in groups? - . 

' ^ - ' ' ' - \' 

Bsmeniber to put eaeh alam baok in the hole where you found it. Be oareful to 
leave an air hole. 



"Bubbinq It In" . 

Many weathered objaets on beaoheB have attractive and complicated 
patterns! Use plain paper and crayons or charcoal pencil to make rubbings 
from weathered boards or ands of pilings* 



Coastal classroom Ideas * 

■ ' * ^ 

in the crassrooro, put some brine shrimp eggs in fresh water and soma in 
salt water and watch the containers for a tw/i days, where do you thii^ 
brine shr^p might live? Watch under the microscope as your brine shrii^ 
swM, ' ' 7 

. Make a trip to a nearby m«kat. How many kinds of coastal organisM , 
are for sale? How many people handled them before they reached the store? 

In the classroom, put .»ie sand and some soil in a glass container with 
water and stir the mixture. Let the sand and soil settle, then describe 
which layer is on top " 'and which is on the bottom* 

collect mud and sind. from a marsh, beaqh, or river, ^ Put sand and mud 
In a glass container with i?ater, mix it, and let it settle. 

How many layers can you see? / How are 
think causes this layering? , ^ 

/ carefii.ly pQ\^ or siphon off the rater, ExMiine a smple of each layer 
under the microscope, Descrttie mnd compare th^ particles. Are they dark 
or light/ rough or smooth, sharp, thick or thin? How dp iiud particles differ ^ 
from sand particles? imere to you thiiJc each might have originated? How do 
you^think they got to wh#re ^u collected them? 



they different? What do you 



-42- 




ERIC 



i Ta^kM a stiak (or p^eil)/and tie a weight siich ap a metal washer to one 
andror soMw a aluirp^Md paricil into a metal nut* Plaee this "hydrometer" 
in a large dontainer of fresh water. Mark the water line on the stick, !^w 
repeat this /e^erunent in a oontainer of salt water, le the water line 
on the stiok different in salty and fresh water? IWiat to think causes ' 
the differenpe in the water line on the stiok?. Have a friend make a measuret 
salt water solution, Now^ try to guess the salinity of this solution. 

How could you mark (oaliteate) yow hy^oTOter for a solution that is 
one*thlrd as salty as sea water? h solution one-half as salty? 




Density of Water 

Whioh Is more denser salt or fresh water? ^irpletely fill two eon- 
tikuiers (^uch as baby food jarp ©f^ the saro siEe) with water* D©^ not place 
liSs on the jars* To one jar ^ add a drop of food ooloring and one hali 
teajipoonful of salt« Mix well. Goyi?|^ the top/of the salt water aontainer 
with a piece pf cardtoard. invert the jar and place it directly over the 
top of the fresh wattt' oontaiher^ so that the /Openings are ali^^ed and 
s^p^at^ only by the cardboard. Btow^ carefully slide out the cartooard. 
Observe and record the movements of the colored water. Repeat the experi* 
mentv this time putting; the food coloring /im the fresh imt(ir and placing 
the fresh water aontainer on top of the aalt water contoiner. te'y-it 
sideways too* . / 

What do you think happens when fresh river water flows into a Jalty 

ocean? ' i . . = , / ~ ' \ 






Salt in Rivsra ^ 

TO learn how td me^ijure salinity in the classroom, carefully measure 
exabtly 100 ml of sea water-lnto a pyxmn container. Weigh the container 
'and the water. Bvaperate the water. Now weigh the eontents and the con- 
tainer again. Subtract your second measureinent from the first. Multiply 
the differ enee in weight by ten fto adjust the volume from 100 ml to _ y 
1,000 ml) . This will give the salinity off your sample in parts of sal* 
per thousand parts of water (%) . . 

Teachers with a marine aquari™ cart allow students to use the aquariuni 
vrater as "seawater" if they cannot get to the ocean. Alternatively, 
several sanples of salt water of various concentrations can be set up by the 
teachers, a^ the students can determine which one is closest in salinity 
to sea water. ■ 

Next, visit a salty river. How far up the river is the water salty? 
In the classroom,' using a hydronwter {available at tropical fish stores) , 
e^tabilsh baseline readings for fresh water. and for salt water (30% salt 
in water) . Then, take a trip to a tidal river . ^ Jtoke a series of readings 
up the river from the ocean to see if you can find ojA how far up the river 
the water is salty. Consider the following questions! 

• Does high or low tide make a differ enee ' in your readings? 
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• Can yon tsll when iha wateac is OM-half as ialty as sea water? 

• Does the depto at which you take the reining tmkm a differenGa? 

• H@w\iitaah e£ saawater is salt? 
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FURTHER RESOURCES 

\ 

■ -, / 
/ 




READING SUGGESTIONS* 

AfeQUT THE SEA . Ferdlriand C, Lane. Random Housa. . 
Grades 5--6, 150 pages, Informatiohal , 

al exploratory bgok about marine eabys^em* Tells 
sea Began; briefly describes sea life |- and conQludes 
explanation of man's relationship Co sea. Could be 
a listening exercise for lower Intemeddate children, 

M.L KIN^S OF SEALS,. Bernice KoHn, Random House; 1968, 



, Grades j5^6,^ SC pages. Informational, 

■ ■ ^ ' " J . ' ' 

A degcrlptlve book iihowing how seals changed from latid to 
pea animals J their e^viroiuaent J aad their relationships 
to man. Could be u?ed as a reference book, 

' AtffiRICANS THE jjORLD OF WATER , Harold L. Goodwin ^ad,). 
University of Delaware Sea Grant College Frpgram, > 1977, 
Highly recommended ! f . 

ANIMALS OF THE SM , Jfarcelle Verlte, Chlldrens Press, 1964. 
Grades 63 pages. ^Inforaatlbnal, 

This brilliantly llluptrate4 book is .the Anerlcan adaptation 
of. the french. book AnlmauK de la Mar , Each ot the 25 sections 
describe a saa animal or group of marine ^Imals, ' Sections 
^n the ^ Sargasso Saav the Great^arrier Reef , and the Galapagos 
Islands ate also included. Art work la by Romaln Simon. 

THE ART MP MDUSTRY OF SANDCASTLES , Jan Adkins. Walker 
Publishing Co, 1971. Grades 5-8 and all other riadera. 
29 p^ges^ InforzQational, 1 I ^ 

Twenty-nlna 11" x 15'Vhard--cover pages.. This uniqua book 
cleverly combines the 'popular seaside' occupatl^^ sand 
castle building with the lives and; tjj&es of ancient castle 
dwellars,. Th|^ handsome monochrome 11 show the sand 

castle builder ,a^ the^hbw and why of castli construction | 
they help develop a vacfbulary andia histroical perspective 
in the process,' Thoroughly, enjoyable. 



*Adapted from Proj act COAST ^ Languaga Arts Activities to .^-^ 
Supplemant Coast L^rnigg l&^^riances (Learning Experlanpe 
No, 5), One of a series of 86 learning experl'enc,es on Coastal 
and Ocaanic'^ Awareness ayailable from^tfoJeSt ^OAST^ 310 Wlllard. 
Hall, University of ' Delaware, Newark, Delaware 19711.^ 



^nffi BEACHCOIffiER ' S BOOK . lernib^ Kotm, ^he Viking Press* 
1970. Gwmdmm 4-*8, 96 pages, informational. 

For the bhild whohaf aooass to the beaoh# this book offers 
suggeetibns for artistic and icientifia aetivitiei. How to 
pfesp seaweada, how to make beach collages ind mobilas are 
exitfftples. Illustrations are by Arabelle Wheatley, There Is 
an ind^Xi , a bibliography, and a brief catalogue of Atlantic 

arid Gulf Coaft shells, 

^ y ' ' ' '■ •■- . ' 

A BEACHCOmro'i BOTANY . Loren C* Petry, Chatham Presi, 
1968 , Gradei 7^8 , 158 pages , Informational , 

A detailed account of flora and fauna, of the New England 
Coasts Exquisite pencil drawings of plants and marine algae, 
with a descriptive account of eaoh, make this a high-interest 
book , 

THE BEhCHCOmmR*B HANDBOOK OF SEAFOOD CQQKiRy . Hugh Zaohary* 
John F, Blair, Polisher. 1969- For all readers, 208 pagegp 
Informational, 

More than a cookbook. This Lm a sincere conmentary on seaside 
conservation, ^ here's a recipe for. just about any oomron 
marine animal including ©etopus/ Thm line drawings are 
decorative, 'Biere is a serviceable indeic- 



THE BEAVER POND , Alvin Tresselt, LotiiJfop, Lee a Shepard Co, 
19707 qrades 1-6, 17 pages. Fiction, 

Foll<^ing the construction of a leaver dMi, there M a complex 
Mid predictable succession of ecological events,* This book 
tells the story of the history of a beaver pond and meadow* 
llier# are about 28 illustrations, most of which are in color, 

A BOOK OF SNAILS , Sally Itoffet Kellin* ^* ^wtt, Inc, 
1968^ Grades 5-6, 48 pages. Informational- 

A reference iDOOk about snaJtts includes tiie snail's life cycle 
md instructions for keeping then as pets in terrariums* 
Reference is made to why snails may be considered as pests* 
llack-and-whitje photographs help to make this book a good 
selection for higK^ijiterest reluctant readers- 



I G^E COD , ftenry David Thpreau* 1*. Nerton. 

/ @ CANNERY ROW . John Steinbeck. Viking . ' ^ 1945 

*THE CHALLENGE OF THE SE^LOQR , Adalalde Field. 
Mifflin Co. 1970, Grades 7-^12, 133 pages. 

The stery of the development of the subioarlne with particular 
emphasis given to the, scientif Je research' yessel, ths Alyin. 
Traces the development of .^vin and details its jourheyaV 
Closes on an ecologleal. regard for the presentation of the ^ 
sea. A high interegt book.for the student Interested in 
mechanical mlans of underwater eKploration. 

••CLJmTOLOGY AND WEATHEU SERVICES OF T4iE ST. LAWRENCE SEAWAY 
AND GREAt LAi^S," U.S. Weather Bureau. Technical Paper No. 

35. 1959. ' 

■ '■' « , 

COASTAL ECOSYSTEMS MANAG^NT i A TECmilCMi HMUAL FOR THE 
CONSERVATION OF COASTi^ RESOURCES . John R. Clark. John Wiley k 
Sons. New York/ Nm/ York. ^^977, ^28 pages. 

*Tlte CURIOUS WORLD OF THE CRAB . Joseph J. Cook, Dodd, Mead & 

Co.^ 1970. Upper Middle School and others. 96 pages « Informational 

Illustrated mostly by black-^and-white photdfraphst There lo a 
chapter on crabs in general as crustaceans and 39 pages describing 
va^ous crabs of the world. One chapter is devoted to a non^crab, 
the%orseshoe crab (Llmufus ) , as a living fossil and there is a ^ ' 
short discussion on crab^ mythology . The last chapter deals with 
crab^^^as seafood for people. 

DtRECTORY OF jHIPimECKS 0#. THE GREAT LAKES . Karl E. Heden.> ;^ 
Bruce Hmaphrlls Fubllshers^ Boston. 1966. 

_ . X t . _ ■ \ = ■ . . . - ^: 

8 *T1ffi EDaE OF THE SEA . Rachel L, ^rson. Houghton Miff lln ^ 
Co. 1955. Upper Middle Schbolt^Hlgh School. 251 pages. 
InformAional. - 

% TKirplant and animal life \^viroiments of the coral reef, sandy 
bea^hj and rocky coast are^eKplored in thi^ book. The author* 

\attempts to develop an appreciation of sea ^^and surf. Accurate 
scientific insights are written in^ a -literary style. Labeled 
rpencil sker^es of furine plants and anJrals. make this a reference 
and guidebook for Interested people. 

BgLORING NEW ENGlAro SHO^S; A BEACHCOIfflERS HANDBOOK . John F. 
Waters. Stone Wall Press s Inc, texlngton, Mass. 1974. 198 pages. 



1951. 



Houghton 



Provides InforTOitlon on coastline formation, shore ecology, crafts, 
aquariums, recipies and New England sea monsters. 



OtfTMK COOK . H * MlWi . J^Graw-Hill took Cd , 1968 • * 

A biograpliy j^ut toe Britiah explbratr Captain Jamas Cook, 
iHGludas details ^aut his voyages* Penoil drawings and 
maps- are used for farther eK^laiiatlon* 



TOE CHALLENGE OF Ttffl S^FLQQR ^^ Melaida' Field . Houghton 
Mifflin CoV 1970/ Grades 7-12 * 133 pages* informational'. 

Thm story of the davelopment of the submarine with partieular-v, 
emphasis given to the soiantific researeh vessal* the Alvin. 
•kTaoes the devalopment of M^vin and details its jo^nays* 
. Closer on an eoologiaal regard f-dr the prasantatidn of *the 
saa* A high interest b^ok for the student interested in 
meehanical' means of underwater ^ixploration* 

TOE CHANGEABLE ffORm OF TOE ^STER , Joseph J* COOk* DOdd, 
Mead & Co> 1974. Grades 7-8. 80 pages. Informational. 

■^is. is ^ite a thorough devalopment of the si^jeot including 
^natcany and reprodubtipn/ predators # disaase and environmental 
problems. Thera are veyy intaresting sections on the history, 
the oulture and harvasiinf of oysters * and finally how to aat 
tiiem. Bibliography / index and blaok-and-w photographs. 



T CLIMATOLOGV mO WEATHER SERVICES OF TOE ST. LAWHENCE SEAHAy 
AND GREAT LAlgsT " S, Weather Bureau. Technical Paper No. 
35. 1959, ^ 



CREATURES OF WlE DEEP , Agnes McCarthy. Prentice'-Hall ^ Inc. 
1963* Grades 5-6V 79 pages. Infoamational/* 

. / ■ ■■ ". / 

A book about various kinds of life in the sea. Some are, . ^ 
familiar and all are^ intriguing. Much infomation about . life 
in the sea is presented. 



DIRECTORY OF BHXPmSCm OF TOE GgEAT LAKES . Karl B. Heden< 
Bruca Humphries Publishers. Boston* 1966. . ' 
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TOE CURIOUS WORLD OF THE C^m . Joseph j. Cook. Dodd, 
Mead g Co* 1970. Upper middle school and others. 
96 pages « Informational. ^ 

Illustrated irtostly by black-and-white photographs. There is 
m chapter on crabs in general as crustaceans and 39 pages 
describing various crabs of the world. One chapter is 
devoted to a non-crab, the horseshoe crab ( Limulus) , as a 
living fossil and there is a short discussion on crab 
mythology. The last chkpter deals with crabs as seafood 
for people. 



DEEP-SEA WORLD; THE STORY OF ^EANOG^^HY , Oiarles Coon^s . 
William Morrow & Co, 1966.^ Upper Intermediate Middle School 
251 pages. Informational* 

Tells about the ocean and man's uses and abuses of it. 
Begins with how the oceans were formed and presents all the 
aspects of the sea. Terminology related to the study of 
oceanography is explained in context, indicating this book 
would be pf value to a student with high interest in this 
area. Charts and photographs arp numerous* 



DISCOVERING THE AMERICAN STOm . Jack Denton Scott and Ozzie 
Sweet* Harcourt, Brace and Jovanovich^ Inc, 1976. 
Upper intermediate* " 64 pages* Infomational, 

A factual account of the life of the American stork, a 
recently discovered- species. Myths about the stork are 
also explained* The flourishing of the species in modern 
times is researched for the reader* The book would be 
valuable to someone with high interest or as a reference 
book about the toerican stork* Presents unique qualities 
of American wood stork and discusses efforts to preserve the 
species in Florida*^' Black-and-white photographs* 

THE EDGE OF THE SEA * Rachel L* Carson, Houghton Mifflin Co.^ 
1955* Upper Middle School-High School* 251 pages. 
Informational^ . 

The plant and animal life environments of the coral reef, 
sandy beach, and rocky coast are explored in this book, 
^e author attempts to develop an appreciation of sea and 
surf, Accurat^scientif ic insights are written in a literary 
style* Labeled pencil sketches of marine plants and animals 
make this a reference and .guidebook for interested people. 
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ELISMETH mn THE MARSH MYSTERY , Felica Holman, The 
Macmillan Co: 1966. Lower intermediate. 49 pages. 
Fiction. 

S 

h mystery story that offers information as wall as intrxgue, 
Elisabeth and a friend try to identify strange calls from 
the marsh. In doing this they learn about bird migration. 
The facts in this book do not seem dull because hmnor is 
maintained through story-telling, 

ELISMETH, THE Tj^ASURE HUNTER . Felice Holman. The 
Macmillan Co, 1964. I^wer Intermediate. 42 pages. 
Fiction. 

h story about Elisabeth; Papa, and a friend who are looking 
for hidden treasure. The person who hid the treasure gave 
them clues. In trying to follow the clues, they discovep 
life on the shore. The plot of the story, overshadows 
information about marine life in this story. 



E XPLO^RS OF TOE DEEP . Donald W, Cox* Hammond, Inc * 1968* 
Middle School, 93 pages. Biography, 

This book tells tile stories of eighteen men who have made 
contributions to the study of the sea. It begins with 
Benjamin Franklin and concludes with cont^porary oceanographer 
Roger Revelle, A chapter is devoted to future technological 
eacplorations of the ocean. 



EKPLQRI^r, A BROOK: LIFE IN THE RUNNING WATER . V7inifred 
and Cecil Lubell. Parents Magazine Press, 1975, Lower 
Intermediate, 61 pages. Informational, 

A one- or two-p&ge explanation of the various kinds of plant 
and animal life found in and near a brook. Pencil sketches 
illustrate each description. 



EXPI.ORING MP UNDERST^JPING OCEANOGM^HY . Anabel Dean, 
Benefic Press. 1970. Lower and Upper Intermediate. 
96 pages. Informational, 

A question-and-answer format is used to explain the fundamen- 
tals of oceanography. It begins with a description of the 
planet Earth? tells about currents, waves, and tidesi and 
concludes with a discussion of underwater exploration and 
treasures f ro^ the sea. Each chapter concludes with questions 
and simple experiments, A resource took that would be of 
value for a learning experience about oceanography. 
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FAMOUS smUL BOAT VOYAGES . Walter Buehr. G, P, Putnam's 
Sons, 1966. Grades 4-6, 128 pages. Informational. 



Discusses the preparations and adventures of the crewa of 
nine small boats on long and hazardous voyages* Included 
are tales of the first Atlantic crossing by a lone we-man, 
the first Atlantic crossing in a rowboat, and the first 
single-handed cruise around the world. Illustrated with two- 
color sketches - 



A FIELD GUIDE TO THE SHELLS OF OUR ATLANTIC mp GULF COASTS . ^ 
Percy A. >torris. Houghton Mifflin Co. 1951" Middle. School- 
High School, 228 pages. Informational. 

Primarily an identification guide to over 500 kinds of shells. 
Also tells about the life^gtyles of many sea animals. Provides 
information about emptying shells, recording finds * and 
classifying' and associating different kinds of shells. 



FINS AND TAILS; A S.TORY OF STANCE FISH . Elizabeth A. 
Campbell- Little, Brown & Co. 1963. ^-iiDwer/ Intermediate . 
58 pages, Inforinat ibnal . 

i 

A ktary aiDout different kinds of fish found in the oceans. 
Using analogies {e.g.>. swiniming balloon for puffer), the author 
describes, some varieties of strange fish in simple sentences. 
Pictures accompany each description. 



THE FIRST BOOK OF THE OCEAN . Sam and aeryl Epstein. Franklin 
Watts, Inc. 1961. Upper Ir.::ermediate . 70 pages. 
Informational. ^ ' 

An exploratory book about oce.ans including tides, waves 
currents, the ocean floor , continental shelves, and slopes. 
Life in the pcean is discussed and future hopes for the world 
in the ocean are noted, . Illustrated with sketches.. 

THE FIRST BOOK OF THE SEASHORE , . Wyatt BlaMingime. Franklin 
Watts, Inc, 1964. Upper Intermediate. 5a^;^ages. 
Informational. 

A,descriptidn of the seashores of the ^world. ^^lls about the 
plant and animal life found "^here and the processes that affect 
it. The author, attempts to impart understanding of, thinga seen 
at the seashore, Pencil sketches illustrate some of the forna 
of plant and animal life. ^ . , 

. ■ ^ * ' • 

■ ■ ■ . . \ 



FISHES. Loren p* Woods. Follett Publishing Co.^ 1969. 
Grades 3-6. J 2 pages. inforTtiational - 

Thia excellent book on fishes discusses their evolution, 
distribution! and ecology- The book is anhanced by Tom 
Dolan's brilliant color illustrations. The sections on 
coral reef fishes, deep-sea fishes, and fishes of the West 
Indies are particularly well done* 

FISHES > Herbert S, Zim and Hurst H, Shoemaker, The Golden 
Press. *^ 1955, Middle School and othars , 160 pages. 
Informational * ^-^^ 

For the identification of the common fresh and salt water 
fishes of North America. Species are identifiad by color 
pictures. Common and scientific names are given,; Useful 
guide for beginners, 

FISHES OF mS GRmT LAKES ^GION . Carl Hubbs and Karl 
Laglar, Bulletin 26 (rev J * * Bloomfiald Hills, Michigan* 
Cranbrook institute of Science* 1958* 

FISHING FOR TUNA * Lewis Allison* Melmont Publishers, Inc. 
1957, Lower Middle School. 35 pages. Informational* 

the ships, nets^ and procedures of catching tuna are well^ 
described. Good monochrome illustrations of tuna and tunA ^ 
fishing, • 

FRESHWATER FURy YAM^S AND REMINiSCENCES OF THE GREATEST SjTOHM 
IN IIOLANP NAVIGATION * Frank Barcus* Wayne State | University 
Press f Detroit* 1960* = . 

FOUR WALRUSES FROM ARCTIC TO OCEANARIUM , Lou Jacobs, Jr, 

R, Scott, inc, 1968, Grades 7 and up* 62 pages. 
Informational.* 

A factual account of the development of four walruses captured 
in'Maska and raised in California, Actual photographs of the 
walruses all during development are included* The author / 
speaks of the walruses with affection and describes each one 
as an individual with unique personality traits, A unique book 



FRESH WATER FROM SALTY SEAS . David O, Woodbury. Dodd, 
Maad & Co. 1967. ^Gradas 6=12. 96 pagas. Informational. 

All of the Industrial methods of dasalination that show 
promisa ar^ raviewad. Some of the technical passages may 
requira studied raading. The book is indexad and contains 
about 35 photographs and drawings. David O. Woodbury is the 
author of mora than. 31 science books for children* 

THE FRIEmLY DOLPHINS . Patricia Lauber. Random Mouse. 
1963, Grades 4-6. 79 pages. Informational. 

Many different aspects of the -dolphin are bovarad: the history 
of the dolphin as a friend of man; its physical make-up and 
similarities to other species; and its iiniqua sonar. talents. 
Photog^raphs and sketches are included. 



GEOLOGY OF THE GREAT LAKES . Jack L, Hough. 'Urbana, Illinois. 
University of Illinois Press. 1958* 

GRMT LAKES COWTRY . Russell McKea. . New Yotk, New York. 
Thomas Y, Crowell Co. 1966. 



THE G^AT LAKES READER . Walter Havighurst , New York, New. York 
The Macmillan Company* 1966. 

TOE GLACIAL LAKES SURROropING MICHIGAN , Robert W. Kelly, 
Lansing, Michigan. Michigan Department of Conservation. 
December I960*- 



GM:AT sea poetry . Willard Bascom, ed. Compass Pijtolications, 

Inc. 1969. Uppar^ Middle-High School. ' 119 pages. 

Poetry. 

Includes poems by Rudyard Kipling, A. A. Milne, John Masefield, 
Lewis Carroll, Matthew Arnold, Robert Browning, Oliver 
Wendell Holmes # Sir William Gilbert, John Gray, and J. Franks 
Stimson. The^ ^etic nature of the sea becomes evident as 
one reads the descriptiva ^emotion-filled lines, A glossary 
of special words and a gazetteer of places (listed by poem) 
is Included* \ ~ 
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TO E GREAT ffil^^S . Herbert S. Zim, Wlllimm Morrow a Co. 1951. 
Grades 3-6* informational* 



An extrCTiely detailed desGripfcion of the physiology of the 
whale. Different species and habits of whales are discuseed 
and depicted' by blaok-amd-white drawings. Large print would 
probably make this book appealing to young whale enthusiasts, 

OTi^ . Sarel Eimerl, Simon and Schuster. 1969. Grades 4-8. 
64 p^ges. Informational* 

Nature writer S^rel Einverl describes various mentoers of the 
guli^ fMiily, their feeding and hunting habits, and their 
migratory and qourtship behavior. Illustrated with 30 black- 
and-white photographs. Index included, 

HALIC: THE STQRV OF A G^Y SEM. , Ewan Clarkson. E. P, Dutton 
& CO, 1970, Upper ^liddle Sehool, 158 pages. Fiction, 

author's excellent literary skills are evident by the^ 
realistic descriptions in this fascinating story of the life 
of HaliCr a gray seal. Several appropriate illustrations 
make the rLatural setting even more convincing. 



HARVESTING THE SfiA , D. X, Fenten, J, B, Lippincott Co. 
1970~ Grtdes 4 and up. 58 pages. Informational, 



A good reference for learning about the riches found in the 
sea (plants, animals, and minerals) and careers related to ^ 
the harvesting of these riches, Ptotographs and^ sketches 
are good* ^ 

HIGH WATER AT CATFISH SEND , Ben Lucien Burman, Puffin Books. 
1974, Grades 4 and up, 123 pages, Fietion, 

Enchanting story of five animals who realize they must Jorg#t 
toeir personal problems and work together. Their home is the 
Mississippi flood plains and they are disgusted with thm way 
humans are controlling floods. They unite to do something 
about, it, - 



HOMES BEN^TH THE SEAi AN INTRODUCTION TO OCEAN ECOLOGY . 
''Boris Arnov, Jr, Little / Brovm s Co, 1969, trades 7«9, 
131 pages, Infonnational • 

Each of the chapters deals with a different habitat in and 
near the seai aaashord^ continental shelf, open sea, coral 
reef, and the high seas. The book contains well writtan 
passages but it suffers from poor organization. A book of 
this_sort should have a bibliography,- this one doesn't* 
The photographs are good , 

HORSESHOE CRAB . Robert M. McClung, William Morrow & Co, 196 
Lower Intermediate. 48 pages. Fiction. 

pescfibes the life cycle of the horseshoe crab, an animal 
that is a conrnttn sight along the Atlantic coastline* Also 
describes the parts of the horseshoe crab one can observe 
at the beach* Black-and-white sketches illustrate and add 
much detail to the text* 



HOW TO KNOW THE AMERICAN MARINE SHELLS . R* Tucker' ^bott. 
The Haw American Library. 1961* Grades 7 arid up. 222 pages* 
InfoCTnational . 

Abbott divides his reference book into two parts. In his 
Natural History section he discusses the mechanics of having 
shells as a hobby—collecting and cleaning shells, and 
orgahii^ing shell collecting clubs* In the Identification 
section ha describes each, type of shell in great detail and 
refers the reader to color plates included* 



IN THE DEEP BLUE SEA * Elizabeth Morgan* Prentice-Hall, Inc. 
1962. Upper Intermediate-Middle- School* '70 pages. 
Informational. 

An account of the sea— ^its explorations, ocean mining, oil- 
drilling, harvesting of ocean crops, and fossils of the deep* 
The book also includes simple explanations of some jobs which 
can be found ■ involving working under the sea* A beginning 
study of oceanography. Acquaints reader with the past and 
present research^ underwater archaeology, biology^ and the 
importance of the sea for the future. ' 



ISLAND OF THE BLUE DOLPHINS . ScOtt O'Dell, Houghton 
Miffiin CoT i960* Grades 6 and up. 184 pagei. 
Historical Ficttonp 

f 

Mi acjcot^t of a young native girl's life alona on the "Island 
of the Blue Dolphins*" This fascinating tale is based on. 
facts recorded by ship captains that actually knew the girl. 
A must for adventure lovers* 

JOHN TABOR'S RIDE * Blair Ler>t. Atlantic Monthly Press, 1966* 
Lower Intermediate. 48 pages. Fiction* 

A tail tale about a shipwrecked man naned John Tabor Who 
hitches a ride on a whale from the South Seas to his hOTie in 
Nantucket* He has a traveling companion and together they 
have an encounter with Neptune* Detailed illustrations add 
interest to the story. 

LAl^ ERIE * ;Harlan Hatcher* .Bobbs Merrill Company. New York* 

LAO HURON * Fred Landon* Bobbs Merrill Company* New York, 

■ LACT MICHIGAN * Milo M. Quaife* Bobbs Merrill Company* New York 

LAiai ONTARIO * Arthur Pond* Bobbs Merrill Company* New York* 

LACT SUPERIOR * Grace. Lee Nute* Bobbs Merrill Company* New York 

LANDS ADRIFT I THE STORY OF CONTINENTAL DRIFT * Malcolm Weiss. 
Parents Magazine Press, 1975* Grades 4-6* 63 pages* 
informational* 

A readable and enjoyable discussion of how land has drifted 
and changed over millions of years* Also presents historical 
hypotheses of how this occurs. 

THE LAST FRSE BIMi * Harris A* Stone. prentiee-Hall , Inc, 
19677 All grades* Fiction. 

A plea to save our environment is made in this picture book for 
all ages* Beautiful water color illustrations. 



LET'S EKPLQRE A TIPS POOL , Bruce E. Tatje and Mark A* 
Welse* Scienca Dept*^ ttortin County High School, Stuart, 
W^j4 1971. Grades i and up, 39 pages. 

A clear, concise guidebook for aj^loring a tide pool* The 
environment and the organisms found in it are described and 
often sketched. An asset to a group of young marine biologists. 

LET'S GO ON A Ttmmg WATCH . Diana Hart and Larry Craj^* 
Martin Comity High School, Stuart, FL- 1970. Grades 3 and up. 
Informational. 

A well presented field guide for young children interested in 
turtles and their habitats* Bibliography included, 

LIFE IN PONDS ♦ Jean Gorvett, American Heritage Press* 1970* 
Middle School and up. 31 pages. Informational, 

An introduction to the living things in a pond and how to fish 
and observe thCTi, -. The common plants of freshwater ponds are 
attractively and accurately illustrated in color and very 
briefly discussed (about one page). There is one page on the 
smaller invertebrates, three nicely illustrated pages on 
mollusks, and an appealing eight^page section on insects. 
The reptiles are accorded orm page, the amf^ibians three 
fishes one, birds two, and mainnials (the muskrat) one. The 
remaining five pages are divided into sections on worms, 
scavengers, parasites, aquariujns, and record keeping. There 
is no bibliography or index, 

LIFE IN TOE SEA . Gv^ne^ Vevers, McGraw-Hill Book Co, 1965. 
Lower and upper Intermediate. 42 pages, 
in format ipnal , 

An informative, handsomely illustrated book ^out forms of sea 
life. The author attempts to impart understanding of trhat 
the sea is like and how it is explored. 

THE LIFE OF SEA ISIAms . N, J, and Michatl Berrill, McGraw- 
Hill Book Co, 1969, Grades 3 and up* 231 pag^^s. Informational* 

A very complete reference that discusses many islands and their 
origins^ wildlife^ and importance. Outstanding photographs 
and illustrations. A top-notch reference. 
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Tm L IFE OF WE M^^H . William A, Niering * McGraw-Hill 
Book CoV~ 1966. Gradas 6-12. 232 pages. 

Maintains the high st^dards of the books in this series. 
One section describes the distribution of the eight types 
of wetlands in the United States, toother section describes 
the energy flow through wetland ecosystems* Contains alDOUt 
200 illustrations, many in color, A glossary , appendices, 
a bibliography, and an index are included* 

TOE LIFE OF THE CC^N . N* J. Barrill. ilcGraw-Hill Book Co, 
1966, Grades 6-12, 232 pages, Infonnationai , 

Discusses the wide variety of plants and animals found in 
different parts o^ the ocean. Beautifully Illustrated with 
many photographs, many of which are in color. The appendix 
includes a section on starting and maintaining a marine 
aquarium, A glossary, bibliography, indeK are also 

included, ^ 

THE LIFE OF TOE SE^SHOCT , William H, Amos, McGraw-Hill Book 
Co, 1966/ Grades~7-12, 231 pages. 

Describes the diverse kinds of marine shore life to be found in 
and around sandy beaches, tidal flats, rocky ;«liffs, etc. 
Richly illustrated in vivid color, including many of the 
author's photomicrographs. The book, like others in the 
series, describes life in terms of ecological patterns and 
relationships. There are five appendices, a glossary, a 
bibliography, and an index, 

LITTLE CALF , adapted from YEAR OF THE WHMiE , Victor B, 
Stheffer, Charles Scribner Sons. 1970, Upper Intermediate* 
140 pages,' Fiction, 

This. is the fictionalised, but biologically accurate story 
of a young spewi whale during his first year of life. 
Illustrated, 

TOE LIVIUG SEA , Rit chard tead. Penguin Books, Inc. 
Middle School and up, 48 pages. Informational. 

Very briefly introduces the organisms of the sea. Some are 
nicely illustrated in full color, including plankton, 
seaweeds, mollusks, crustaceans, fishes, and mammals. Very 
brief attention is given to vertical migration # food Chains, 
food pyramids, geography, and evolution. There is a list of 
oceanographic expeditions, a list of suggested readings, and 
a one-page index* No. 11 of the Explorer Series* Paper cover. 
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LQBSTERWN , Dahlov Ipcar. Alfred A. Knopk, Inc, 1962. 
Grades 4 and up, 38 pages. Fiction « 



Color paintings profusely illustrate the work of the lobster- 
man * his clothing, his ^at^ the traps # and the lobsters* 
A boy helps prapara the boat and a<^ipment and finally enjoys 
a lobptar dinner. 



LOG TR^SPORTMIQN IN THE LACT STATOS . G. Rector. 

Glandale^ California. A. Clark Company* 1953, 

TOE LONG SHIPS PA SSING, Walter Havighurst, New York^ New York 
Thm Macmillan Company, 1942. 



TOE LONG VOYAGE. TOffl LIFE CYCLE OF A GREEN TURTI^ , Alvin { 
and Virginia Silverstein. Frederick Warne ^ Co. 1972/ | 
Middle School and others. 48 pages. Fiction, { 

The life oyele of the green sea turtle is^ traeed by a team of 
scientists and a young boy on a long, hazardous jotirney across 
hundreds of miles of open ocean. A gllnraner of insight into 
marine research and the balance of nature may be achieved. 



LORE OF THE LAKES . Dana ThoMs 3owen^ Cleveland, Ohio, 
The Lakeside Printing Company, 1948, 



MAGIC OF TOE SEA . Max Albert Wyss, The Viking Press * 1968* 
All ages. 86 pages* Infokmational. . 

Superb photographs of the sea and its inhabitants are coiribinad 
with essay and poems to make a moving assay about people and 
the sea. The influence of the oceans on hwian cultures is 
imprassively developed, A handsome book. - 



MAN EXPLOraiS Tm SEA , Malcolm E, Weiss^ Julian Messfter* 1969. 
Upper Middle School and others. 110 pages. Informational, 



The story of the three Sealab expeditions in which man lived 
for many days at the bottom^pf the sea and of other eKplora- 
tions of the ocean depths, illustrated with black-and-white 
photographs. Glossary and ind^x. 
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A MAP IS h PICTURE . Barbara Rinkoff . Thomas Y. Crowell Co* 

1965. Upper Elementary School and others. 35 pages. 
Informational^. 

Various kinds of maps and charts and their symbols are 
introduced. This brief experience could lead to many 
educational experiences. 

MARSHES AND M^SH LIFE . Arnold Dobrin. Coward-McCann. 1969. 
Grades 4-8. 47 pages, Infonnational . 

The author successfully describes marsh life in terms, of the 
effects that seasonal changes and tidal fluctuations have on 
the marsh's inhabitants. The well written book is illustrated 
with the author's brilliant watercolors, A strong case is 
made for marsh conservation, 

f^ ET THE MEN WHO SAILED TjlE SEA , John Dyment* Ra:ndom House. 

1966. Lower Middle School. 85 pages. 

A historical treatment of sailing craft and sailors frbm log 
canoes and reed boats to clipper ships. It ends with a brief 
accQLtfit of Slocum*s solo voyage around the world in 1895, 
Famous mariners included Eric the Red, Marco Polo, Magellan, 
Cook, and Francis Drake, Nicely illustrated with monochrome - 
drawings , 

MISS PICKERELL GQES UNDERSEA , Ellen MacGregor. McGraw-Hill 
Book~Co/ 1953/ Grades ~4^8~. 125 pages. Fiction* 

What a fun way to learn about sonar, atomic-powered submarines, 
and under-the-sea salvaging. The always ^unpredictable Miss 
Pickerell must use these things, in the recovery of her price- 
less Mars rocks that were being transported on a ship that sank. 

THE MYSTERY OF THE RED TIDE. Frank Bonham, E* P, Dutton S Co. 
1966- Upper Intermediate. 128 pages. 

EKciting tida-^ol exploring on the Pacific Coast along with 
solving a mystery make for an exciting sunmer for Jill and her 
newly arrived cousin Tommy from^ Kentucky. 

NETS O^^RSOABD l Jack Ctoggins, Dodd, Mead & Co* 1965* 

Grades 6 and up, 96 pages. Informational. ,^ 

An account of the methods used in the fishing industry, Oceano 
graphy and life in the sea are also discussed. Many supporting 
pictures and captions* 



THE OCEAN WORLD . Peter Ryan, Penguin Books, Inc. 1973* 
Grades 7 and up- 48 pages. Infomational . 

The ocaan itself and almost everything that affects it is 
covered by Ryan's short but informative book, h bit of 
history of the exploration of the midersea world is presented 
including pictures of an early diving' bell and undersea 
saucers. A good introduction to the ocean's wealthy 
potential^^oil , minerals, and hydroalectric power. , 

OCTOPUS LIVES IN THE OCEAN > William and Peggy Stephens. 
Holiday House. 1968. Middle School. 47 pages. 

Does a good job of describing the life of an Atlantic octopus 
for young readers. The book is well illustrated mostly in 
black-and-white , and the common naighbors of the octopus are 
introduced in interesting accounts of day--to-day events. 

OF MEN iUCD MARSHES . Paul L. Errington. The Iowa State 
University Press* 1957. Grades 8-12. 150 pages. . 

This is a book of memories and philosophy by a man who rose 
from fur trapper to college profpssor. It describes marshes 
all over America, but dwells on the glaciated prairie marshes 
of the Dakotas. The 23 illustrations are eKcellent but do not 
have captions. There is no index, author's knowledge of 

marah ecology makes this very worthwhile book. 

PA(MO . Holling Clancy Holling. Houghton Mifflin Co. 1957. 
Grades 3-9* 87 pages. Fintion. 

This book tells the story of Pagoo, a hermit crab, from 
larvatipn to maturity. Life in the tidal pool is not easy. 
Tliere is a chronic housing shortage. Risks are incurred in 
the love-making adventure. This complete book has 2Q full-- 
page color drawings and nimerous marginal illustrations.' 

PENGUINS I THE BlTOS WITO FLIPPERS . Elizabeth S* Austin* 
Random House. 1968* Middle School. 84 pages. Informational. 

Authoritative book about the lives of various^ species of pen^in 
with good black-and-'white photographs and a history of penguin / 
naturalists. Kn indeK- / i 



PIONEERS OF e^^Y vmTERWAYS , EUth McCall. Childrens Press, 
1961^" Middle School. 127 pages. Biography. 



A collection of stories ^out early Amaricans on the canals 
and rivars* Includes stories about Davy Crockett, Mike Fink, 
and Mark Twain, A steamboat race is the cliMx, 

PQHD LIFE I A GUIDE TO COMMON PLABTrS AND ANIMALS OF NORTH 
AMERICAN PONDS AND LAKE S. George Reid^. Goiden Press. 
1967~ Middle School and others, 160 pages. inforroational. 

Mostly a very usabli manual for identification of a wide variety* 
of coimon plants and animals of fresh water ponds, including 
birds and mainraals. ^ere is a very brief treatment of the 
physical feat&res of a ppnd and of aquatic ecosystems, Md 
a bibliography and five-^page index. Useful for amateur pond 
watchers of alL ages. ^ 

QUESTIONS ABOUT THE OCTMS . Harold Dubach and Rsbert Taber. 
U.S. Government Printing Office. Grades 3 and up* 121 pages. 
Informational. 

Look up the qpiestion you want .answered in the table of contents # 
turn to the page on which that question appears > and there you 
have it. One hundred qpestions are answered* Relevant diagrams 
and sketches are included, ^ Simple, easy-to-use reference book. 



QUESTIONS AND ANSTORi3 ABOUT SEASHORE LIFE . Ilka Katharine List, 
Four winds Press. 71970, Upper Intermediate, 123 pages* 
Informational. . . / 

Excellent book. Uses a question-and-answer format to discuss 
the animals ^found near rocky, sandy, and nniddy shores* Well 
illustratad. 

TOE QUEST OF CAPTAIN COOK . Millicant E, Selsam. Doubleday 6 Co* 
1962. Grades 6 and up. 126 pages. Informational* 

James Cook's efforts to explore uncharted oceans and lands come 
,to life in this book. His travels took him around the world 
and resulted in the discovery of many new lands. Simple, 
eff active illustrations, • 



THE REM^RKABI^ DOLPHIN . Henry Chapin. Young Scott Books. 1962* 
Upper intame4i ate, 92 pages* Informational. 

^ . An infortnational book atout the life-style and life cycle of 
the dolphin. It gives specific infOCTftation ^o^t the g^rsiops 
truncatus ^ the dolphin that is familiar albng the Atlaritic 
Coast, ^e author explains the. Tursiops' behavior, intelligence* 
and physiology. Illustrated with black-and-white drawings* 

THE RISE AND FALL OF ME SEMI THE STORY OF TIDES . Ruth 
Brindze, Harcourt* Brace S World* Inc/ 1964^_ypp.er__— — 
. Intermediate-Md^dle School. 91 pagWT~^^~ Infomational* 

Good introduction to causes -and effects, and^ dangers and uses of 
tides. Illustrated with black-and-white photographs and 
o diagrams.^ ' . 

, RIVERS *^ Delia Goetz. Willimi Morrow i Company. 1969. Interrnediate 
63 pages, Xnf o«national * - . " . . 

An exploratory book about the rivers of the world. What has. been 
: learned about them through history is discussed as well as how 
they are formed. Some farous rivers arie also mentioned and %he 
need for river conservation and water pollution controls is 

pointed out* Black-^and-^white drawings illustrate this book. 

.. - ' " " ^ ' \ 

THE roCKY SHORE . John M. Kingsbury, The Chatham Press, Inc. 
1970. Grades 7 and up, 77 pages, 
informational. 

* The physical characteristics and land and sea flora and fauna ' 
of the New England Coast are described in great detail. The 
original state # subsequent development, and present state of 
the coastline are also depicted, by exce^^ent black-and-white. 
* sketches. An indieK of plant, animal, and rock types is included. 
May also serve as a practical field guide* " 

THE ROPE'S END . Reginald B, Hegarty. Houghton Mifflin Co. 
1965, Grades 5 and up. 131 pages. Fiction, _ 

At the age of 12, Hegarty trndm his first whaling voyage^as a part 
of the crew on his father's ship. Life on a sailing vessel 
is not easy for such a mischievous boy. tausihgly, his actions 
frequently result in a meeting of the seat of his pants with a 
"rope's end," Exciting, charming, convincing* ^ ' 



SCli^E SHIPl h VOYAGE ABOARD THfi PISCQVERER. Peter Brigge, 
SiTOn s^Ghuptar, 1969 > ^mdmm 1 up, 128 pages. 

Informational- " 

■ - ' . * 

Ihe authpr fills us in on what he learned day by day ^ard 
the Biseovarer, a highly complex and soph^stiGated vessel, 
designed to explore the sea in great detail* Photographs 
and eaptions are helpful, ' \ 



Sl^ AND Bmm . Clarence J, Hylander. Wie Macmillan Co. 
1950* Upper intermediate-Middle School. 242 pages. 
Informational, 



\ 



Very readable story of plants and animals that live on the \ 
shore* Seaweeds, molluslts, crustaceans, jellyfish,, univalves 
starfish, sarid dollars, and sea urchins are among the forms o^ 
life described* 'Kie physical features of the ocean environ- 
ment and how the organisms have adapted are also discussed* 
Illustrated with black-and-wMte photographs and diagrams. 



TOE SEA AROUND US * Rachel Carson, Fra^lin Wattir 1961* 
Golden Press, 1951, Grades 8-12* 259 tages* informational, 

Miss Car ron's fanous book is the winner of many accolades, 
including the National Book Award* In the* book she ^ describes 
the sea in three different way si the mother sea, the restl/ess 
sea* and the sea*s relationship with man, i*e*, man and^tl^e 
sea about him* The book conveys knowledge of the sea in 
language that often rises to poetic elegance, 

SEMIRP - Holling Clancy Holling. Houghton Mifflin Coy 1948, 
Upper Intermediate* 60 pages* Fiction* 

The story of an i^ry carved gull created by a mai on a whaling 
boat* The adventures of the gull, Seabird, as it^^a|^s through 
four generations of its creator, form the story, sSSfflM of 
the development of crafts of the sea,^ and finally air trmns- 
portation,' take the reader on a journey through America's 
past. Full-page color illustrations and pencil draWings along 
margin enhance the story, 

* 

SEA CAPERS , D, X* Fenten* J* B* Lippincott Co* 1970, 
Grades 4 and up* 162 pages* Informational* 

An extensive listing of jobs related to the sea* Descriptions, 
qualifications, schooling, suggested salaries (now outdated) , 
addresses of some sources for information and applications,, 
and an indeK are included. 



THE SEA EGG , Liicy M. Bostorii Harcoi«*t, Brace fi World* 
1967, Upper .Intarmediata. 94 pages* Fiction. 

A story about two young tirothers and their magical sumner 
at the beach. Aj^er purchasing an unusual egg-shaped 
rock# they hide it in a pool of sea water and wait for it 
to hatch. The boys V adventures with what hatches weave 
this sea tale. 



5EMQRSES \ Lilo Hess. Charles Scri±>ner^s ions, 1966. 
I^wer Intermediate. 46 pages. Informational. 

This book is about the life cycle of the sea horse. The 
physiology of the animal is discussed as well as others of 
^its family in the marine environment. Directions for making 
an, aquariuin^or sea horses are given. Black-and-white 
photographs ^re used throughout the book. * 

SEALS . K. M. Backhouse. Golden Press; 1969. Grades 8 
and up* 96 pages. Informational. 

Photographs (color and black-and-^white) of s#als in their 
natural habitats help make this such an impressive reference. 
Thm author initially describes many types of seals and later 
doncentrates on Gray seal and its life-styla. ^ 

SEA SHEIliS OF THE WORLD . R. Tucker Abbott . Golden Press. 
1962. Upper InteCTiediate and up. 162 pages, 
InfoCTiatlQnal* , 

Outstanding pocket handbook. . Comprehensive and well illus- 
trated* Uses both coimr^n and scientific names. 



SEASHORES I h SJIDE TO ANIMALS AND PLANTS ALONG THE BEACHES . 
Herbert S. Zim and Lester Ingle. Golden Press i 1955. ~ 
Grades 5-12. 160 p^ges. 

Informational. - 

toout 460 forms of seashore life are described and illustrated 
in this book. It is attractive and authoritative. Its 
convenient hip-pocket sizel makes it a useful companion for 
anyone who frequents the beaches. There is an index with a 
list of scientific names of the plants and animals discussed. 



- SEE ALONG THE SHO^ . Millicent Seiiani, 
^^j^limhmtB* , 196lV Lower Intermediate,' 



Harper s Few 
Informational . 



Dlaeusses momm ©t the things ehildreri might vender ^out mm 
they walk along the beach i why the sea is salty i the 
formatioii of sand arid duneij sea shells and animals on the 
baaehj tides and what Gausss themr and animal traqks in thf 
sand- Also diicussei the intertidal\ ^one and inieet^foun 
near the shore. Colorful illustrations show what is bei^g 
desoribedi^_ 



SEE THESDUGH THE LAKE. Millicent Sal son, 
1958 • Lower Intermediate * 48 pages * 



An explanation of lakes— how they were formed, what tre^s of 
life thry support, and the. effect of the land/aroiind them* ^ 
A description of speoifie types of life found at dif^r^^^j 
levels of water is included. Pictures showing clearly what 
the author is discussing aid in underBtanding for.the yomig 
reader * 



Harper g R9W Publishers 
Informational, 



SEE THROUGH TOE SEA . 
£ Row Publ isher a , 
Inf ©rmat ional • 



Millicent Sels«n and Betty Morrow. 
1955* Lower Intermediate , 



Ha^er 



A story about a journey into the depths of the sea and wtet . 
things a person might see there. Animal and plant life at 
different depths are explored. Wie author uses a round insert 
diagrm on Wvery page to help show exactly what pa^t of the 
sea is being, explained.. 



SHIPS THAT NEVER PIE . Marine HistoriGal Society of Detroit 
Detroit, Michigan.. 1952 



SHIPWRECKS OF THEJ^CTIS . Dana Thomas Bowen. The Lakeside Pub- 
lishiiig Company; ■ Cleveland^ Ohio. 1952, 



"SOME SEA TERMS IN LAND SPEECH." Samuel P. Batchelder- 
^e New England Quarterly (January-October) . 1929. pp* 



625-653. 



1 



iPRING corns TO TOE OCEAN . Jean Craighead George* Thomas 
Y. Crowall qo, 1965* Upper Middle. Sehool and othera, 
110 pagia. Fiction, . 

^8 hook consiatg' of a aerlae of well written aceounte of 
various marine anintals ag spring appro.achee* Included are 
the hamit crab, turtle, man-of-war, octopus, porpoiaa, oyster, 
starfish, fishfes, and some of the lower invertebrates* It 
endi with a ahapter on the gray whale *"^^^od reading. 
Sparsely illustrated with black-and-white drawings* 

STARFISH , Edith Thacher Hurd. Thomas Yv Crowell Co* 1965* 
35 pages* Informational* 

A delightful introductibn to the atirfigh* Its iife-ityle 
and beauty ^re descrlbad with carefully chosen words. 
Fascinating illustrations give the reader a feeling of being 
near the sea* . . . 



STRANGE FISHES OF TOE SEA * Olive L* Earle , William Morrow s Co 
1966* Lower Intermediate* 63 pages* Inforaiational * 

An infoCTiational book about some creatiiras who live in the sea 
and who are thought to have strange shapes and habits. Compares 
sea and land animals, such as sea snakes and land snakes* 
Black-and-white pencil drawings illustrate this book. 

THE SUNLIT SEA , Augusta Goldin* Thomas Y, drowell Co* Lower 
Intermediate* 33 pages. Informational* 

An introductory book about the ecosystem of the^ Undersea world 
as far down^ as simlight penetrates C^bout 200 feet) * plant and 
animal life found at this level are described* Drawings 
done in three colors illustrate this book. 

^ / ". ■ ^ ^ • 

Arthur H* Klein and mJ C. Klein* The Bobbs-Merrill 
Upper Middle School and others. 224 pages* 

A collection of 79 photographs and stories, cartoons, poems ^ 
and anecdotes about surfing. Great reading for devotees of the 
sport. 



SURF'S UP I 
Co, 1966* 



SW^ OF TOE EMf * Edwin P. Hoyt* The Maamlllan Co, 1968. 
Opper Hiddla'Sciiool and' others. 200 pages*' Infomational . 

Ah aecount of the crew of the German cruiser fimden in World 
War I (1914). as they haMaased allied shipping in Pacific 
Ocean- .After the Siden was sunk, they made their way to 
Constantinople and their allies. One of the great epics of 
naval warfare. Good reading - 



mm AND TOE SEA TORTI^S. . Arnold Dobrin. Coward, McCann 
Geoghegan.' 1966/ Lower InteCTiediate. Fiction, .-#^5 



A Japanese tale about a young W who dre^is of buying gold to 
gild the Buddha in the village. -The realisation of his 
dreams and his adventure to the island to purchase the gold 
are the focus of the story. Taro's kindness to the sea turtles 
.is reciprocated in an exciting way. illustrated with black- 
and-white drawings. 

THRES-BOYS AND A LIGHTHOUSE . Nan Hay den Agle and Ellen Wilson. 
Charles Scribner's Sons^ 1951. Lower Middle School. 100 page 
Fiction. 

A good story with a few black-and-white illustrations about the 
adventures of three boys who spend a suflmer helping to tend 
a 1 ighthouse . 

TIM TO TOE RESCUE . Edward AdrisEone. Henry Z. Walck, Inc. 
1949. Low^r Intermediate. Fiction. ' 

A story about thiree boys who are part of the crew of a ship. 
Tim and Ginger develop a friendship and begin many adventures 
on the ship. Ginger's problems with his hair, and a hurricane 
are the major problems. Watercolor drawings Illustrate this 
book . . , 



TO THE BRINK OF EKTINCTIQN . Edward R. Rieciuti. Harper a 
tow Publishers. 1974. teades 6 and up. 169 pages. 
Informational. 

The stories of seven animals threatened with extinction are 
toldf the Puerto Rican Parrot, the shaggy European Bison, 
Pere David's Deer, the Pine Barrens Tree Frog, the fibg Turtle, 
the Osprey, and the Gray Whale- The complexities and morality 
of saving living things from extinction are discussed. There 
is an index and very short biblipgraphy. The illustrations 
arp poor* 
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TRACKS BETTOEN ^ TIDES . Elizabeth Shepherd, Lothrop, ^ 
Lea & Shapa:rd* 1972. Upper Intermediate* > 
Informational. 

Discusses how to locata, dig up, and observe burrowing animals 
of the intertidal TOna. Diagrams, illustrate the variety of 
life forms ^hat can be found, 

TRQPICAL FISH , Bruca W. Hal stead and Bonnie Landa. 
^Idan Press, 1975* Middle School and others, 160 pages. 
Informational, 

Illustrated in color with instructions for setting up and 
maintaining an aquarimn. Includes notes on fish' health. Most 
of the book is an illustrated manual of tropical fish with 
notes on their care. Useful, ^ 



TURTLES, TORTdlSES, AND TE^^PINS , John Goode , Charles 
Scribner's Sons, 1971, Middle School and others, 63 pages. 
Informational. 

Nicely illustrated with 26 black-and-white drawings of a wide 
variety of the wrld*s "turtles," Describes something about 
their evolution, anatomy, reproduction, migration and the 
problems man has caused them. There are instructions for keeping 
turtles as pets, a glossary^ and index, 

Ttim TWILIGHT SEAS—A BLUE vmALE'g JOURNEY , Sally CarrighaY, 
Weybright and Talley, 1975, Upper Middle School, 179| pages. 
Fiction, I 

Describes a blue whalers 4 if a and journey # including unhappy 
encounters with humans. Beautiful black-and-white drawings 
and interesting well written details make this a valuable 
reading experience. No bibliography or /index. 



UNDER TOE SEA~WIND , Rachel Carson, New American Library, 
1941, Grades 7 and up, 157 pages. Fiction, 

/ . , ■ . 

An obvious love and understand of the interdependence and 
life of the sea is conveyed in Carson's book. She selects 
several animals of dif ferent /species to follow closely as 
they affect gmd are affected by their environment. 
Beautifully written. 



UNPERWAT ER ZOOS. Millicent E. Selssan* wllii^ Morrow & Co^ 
1961. Gradas 5 ard up* 96 pages. Informational. . 

The building and maintenance of fresh and salt water 
aquari^s are discussed in this booK. Appropriate animals, 
plants, and water conditions are clearly cited for those 
who would like to begin their own underwater zoos. Simple 
drawings support the tesct. 



VEIN. OF IRON . Walter Havighurst . The World Publishing Company, 
Cleveland^ Ohio, 1958, 

THE VIKINGS . J. R. L, Anderson. Penguin Books , Inc. 1974, 
Graies 48 pages. Infomational , ^ 

A kinder look at this inf ambus group than is usually seen. 
Their origin, life-style, voyages,., crafts, and pirating raids 
are described. Color and pen-and-ink drawings help present 
a clearer picture of the Vikings', way of life. 

THE VOYAGES OF COLUMBUS . Rex and Thea Rienits. The Hamlyn 

Publishing feroup, Ltd.: 1970. Upper Middle School and up, 
151 pages. Informational. 

Describes the life and time of Christopher Columbus, including 
early toerica, the European culture at the time, the foiir 
voyages, and the attbrmath. Attractively and profusely 
illustrated with 47 color plates and . many black-and-white 
illustrations. The problem Columbus had in gaining support 
for his proposals, and later, in fighting for recognition 
are well developed. There is a list of suggested readings 
and a two-page index. 

THE VOYAGES OF DR. DOLITTLE . Hugh lifting J . B . ^ Lippincott 
Co^ 1950."' Upper Middle School. 364 pages. Fiction* 

The storybook that won an award as "the "most distinguished 
contribution to American literature for children." Tells the 
story of pr. Dolittle's voyage to Spidernonkey Island with 
young Tomny Stubbins during which they have continuous, 
fabulous adventures. The story has a happy ending and very 
few illustrations. 

WATER AND MARSH BIRDg OF THE WORLD . Oliver L, Austin. Golden 
Press- 1967 « 223 '-pages. Informational. 

/ 

Describes the major groups of water and marsh birds with p^rimarily 
generalized natural history narratives. 



THE WAVES . Harbert Zim. Willi^ain Morrow & Company, 1.^67. Upper 
Intaortadiate, 63 pagea. Informational* 

. Water in motion^ better known am waves, is eKplainad in this 
book* TacHnical studies of waves and their significance are, 
discussed. Also mentioned are tidal waves, their past 
destru€2tivenaas , and current warning devices^ used by th^ ^ 
Coast and Geodetic Survey, Illustrated with pencil drawings. 

WHAT DOSS AN OCEMiOGRAPHER Dp? John F. Waters* Dodd/ Mead 
& Co, 1970* Upper Intemiediate * 64 pages. Informational* 

Explains the science of oceanography and describes the work 
and. studies .of oceanographers. The biological, chemical, / - 
physical/ and geolpgical aspects of oceanography are delineated. 
Illustrated with black-'and-white photographs, 

WHEN THE TIDE GOES FAR OUT , Lorus and Margery Milne* AtheneOTi 
Piiblishers* 1970* Upper InteCTiediate* 88 pages, Informtipnal 

A description of the animals and plants that can be found on 
the beach "when the tide goes far out." Also describes how 
the tides are caused and why the se^ is important. All ^ipw 
tems are explained* 



WHERE' TOEV GO IN WINTER , Margaret Waring Buck, Abingdon 
Press* 196Si Upper Interniediate, 69 pages* Informational, 

The author tells what happens to the many kinds of animals 
we 6ee in warai weather whan the cold weather arrives. Her 
discussion includes the part of the United States that has a 
cold winter season, ^e took is divided into chapters devoted 
to insects / fishes, birds, reptiles, amphibians, and mammals* 
Pencil drawings in the margins illustrate this book* 

THE TOIT5 PALACE , Mary O'Neill* Thomas Y, Crowell Co, 1966, 
Lower Intermediate* 48 pages* Fiction (poetic story) , 

This is an animal fiction story that conveys infoCT^tion to 
the reader. It is the story of the; life cycle of a Chinook 
salmon. His life begins and he moves into the "white palace*" 
A plot develops and the author's descriptions of the fish's 
behavior and habitat are credible* Wash drawing illustrations 
are used in this book. 
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mm WONDERFUL WO^ OF TOE sm . James, Fisher. Itoi^leday S 
Co • 1970 . .Upper Middle SehoQl and up. 96 pages. 
Infomatiohal, ' 

A comprehansiva coverage of i the origins and physical features 
of the seas I the sea's living inhabitants and their con- 
tributions. to ewlutibn? and the role of the sea in war, 
transportation, and food prodtictlori. There is a 22-page 
encyclopedic glossary and a three-pagf indeK- 

TOB WONDERS OF ALGAE . Lucy Kavaler, John Pay Co.^ Inc. 1961. 
Upper Intemediate. 96 pages. Informational. 

Describes the current and possible future uses of algae. 



WONDER OF m OCE^ARIUM . Lou Jacobs^, Jr. Golden Gate Jwiior 
Books. 1965. Middle School. 80 pages. Inforniatidnal. 

Discus ^ the life forms coim^nly found in large aquaria for' 
public viewing and/or research. Well illustrated pith black- 
and-white photographs. Close-ups of fish, octopx,/ turtles*, 
seals, walruses, whales, otters, and dolphins are /shown. 

. (, ' 

WORLD BENEATH THE OCEANS . '\ T. F. Gaskell. Natural History 
Press. 1964. Middle School . Inf e«Bational . 

A reference book alaout ■man's adventures with the oceans of 
the world as they have developed from early times until the 
time of the book's publication. The floors of the oceans are 
described as are the movements of the water. Plant and animal 
life fo^md in the deep are also described. Illustrated with 
drawings and photographs . ^ 

THE YEAR OF TOE SEAL . Victor B. Scheffer, Charles Scribner's 
Sons . sa970. Upper Middle and others . 200 pages. Fiction. 

By interweaving the lives of seals and humans, the author 
achieves a sensitive and engrossing account of a year in the 
life of an Alaskan fur seal. The viewpoint of the wildlife 
biologist is dominant and the writing is clearly authoritative 
but warm-hearted and sensitive. BiJaliography and index are 
included. ^ / ^ 




■TOE YEAR OF TOE VfflALE . VlctQr B. Scheffar, Charles 
Saribner*s Sons. 1969, Girades J-12. 213 pages. Fiction* 

Marina biolbgist Victor Scheffer wrote t ha story clf a newborn 
spem whale's first year of life, Strtightforward scientific 
exposition is sandwiched in the f ict.ionali^ed narration. The 
author has included six pages of raference notes and an 
annotated bibliograj*ny of seven whaling classics* There is', 
an index also . This book won the 1969 Burroughs Medal - 

YOU AND THE OCE^S . Diane Sherman.^ Childrens Press. 1965* 
Lower Intermediate. 61 ^gas* Informational* 

An introductory book about oceanography. EKplains the ocean's 
beginnings j the interaction of sea and land^ the ocean floors ^ 
and movements of the oceans. Discusses discoveries from the 
sea > and future possibilities for new .uses of the ociean and 
its rasotffces. Pastel drawings are used to. illustrate this 
book . . , 

YOU CAN MATO SEASIDE TRE^URES . . Louis^ Baetschen? Pinwheel 
Bcx>ks* 1971. Middle School and others. 32 pages. 
Informational * 

Describes a nisnber of arts and crafts activities that can be 
done with sand and other items comironly found on beaches* 
Included are sand molding, making shell necklaces, painting 
pebbles* building sand castles, and collecting shells. Also 
includes games to be played at the beach. 

YOUNG SPORTSMAN'S GUIDE TO SURFING * Ross R. Olney* Scholastic 
Book Services* 1965. Upper Middle School and others* 
96 pages. ' 

to uitroductory surfing manual with black-and-^white photpgraphs 
Practical pointers from experts. Inexpensively produced* 
Glossaj^ included. 



tIST OF SUC^SraD FILMS 

: • Ail films on this list <#xaept whMS Otherwise indieatad) , may be ab- 

itained without oharge by writinf tos 

■ -rtotidn Fietura Sarvica 

DepMttiant of Conmeraa v^-* NOAA ' . \ . . ^ 

12231 Wilkine Avenue - , „ ; ; 

Rockyilley Maryland 20852 , 

V (301) 443*8411 . ^ 

fim BIOLOGIST AilD Tfffi B01f> 14 minutei; An enoouftter bot*^ean^a biologiat and 
a boy on the Gulf pf Maxiso, Disouasei oonservation and awareness* 

ISTUARIKE IffiBITA^* 28 iM.nutes. Shows 'threats to estuarine raMurcaa and 
st^^esaes the isiportanaa of estu^ias* 

BSTOARV. is minutaa. Stresses the value of tiia estuary and its uses for 
food resouroes and recraation. . 

QmKT A^^Bl^N FISH STOW, '28 minuteB* A series of five films (eaoh ii 
28 minutes long) whiGh tells the story of the Amerioan fishing industry. . The 
tfirst film is an overview and the other foiir aaoh conoentrata on one area of 
ttie country — the West, The tortheast, the South, tha -Lakes and Rivers* 
Every aspaot of tha fishing iMustty is oovarad from oateh^ng to oooking. 



HUBHIGANB* 27^inutas- Shows warning methods for hurrioanes* aaphasizas^ 
safety praeautipns for life and property* to obtain i Film Librarian, Publio. 
Helations and Advertising Dept., Aatna Life and Casualty,. aSl Parmington 
ftve^, HartfprdiT conn, 06115* (203) 273-0123. / 

HUMICANE DECISION. 14 Biinutes, A^ hurricana awareness, and preparedness film. 
Points out the dangers of storm surge, wind and inland flooding caused by 
hurricanes. 

It's YOtJH CQAST* 28 minutes. Discusses coastal gone problems with people . 
from Florida^ Maine, Illinois and Washington, Land devalopmentr oil pollu- 
tion, and beach erosions are discussed* Strassas the importance of tha coast. 

liAtEW^K OF CTtSAPlAKE* 28^ minutes* A film about the impact of Chasapaake 
Bay on a larga sagment of Amarica* ^* 

' ^frffiS 

CTE TlffiRMAL POmjTION 01^* Educational Research Council of Amarica, a Ward 
game for 4 players about the pollution, over tifflf of two rivers in "Central 
City*" * 

DIHTC WATER. ' Judith Ai.derson, Helen Trilling, and Richard Rosen? Urban Sys- 
tans. Inc., a board game for grades 4 to 12 for 2 to 4 players about the 
problems of maintaining an ecologically balanced lake. 
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ERIC 



WHIRE TO OBTAIN DATA* 



The f allowing pwagraphs give detailed infongation on the /types of data, 
available from different aourees and ihow hw to obtain it* 

• 1* ^ ^ EARTH RESOURCES^ OBSERVATION* SYSTEM (EROS) ■ ."^ 

Earth reaourea data can bm obtainad by writing to the EBDS Data Center, 

• a division, of the Department of the Interior. \ 

EROS ^ " ^ ) 

Data Management Center.^ , Si 

Sioux palls, SD 57190 . ^ j 

. ' - . " I ^ 

The EHOi Data Center will assist in locating imagery and OTptography to 
'«uit the par.tioiilar needs of the users The. center's eomputeriSed storage and 
reteieval syitera. is based on geographical coordinates (latitude and longi- 
tude) , the date and time of day the photographs were obtaineaj :and the aoale 
. of the photographs, / = . / . 

The^e^estor may provide- the benter with the latitude and longitoide of 
the point of interest,' or may define an area by giving l|(titude and long itude 
of a maximum of eight perimeter points ^ On r,eceipt of a^ request the center 
staff will Xooata the area of interest and wi'll prepare a listing of pho^b^' 
graphs from whioh the requestor can make the final selisotion, - 
\ -. ■ / ^ ^ " \ ■ ■ ■ ■ ' ^ ■ ■ ' \- 

EROS Stocks Skylab photographs as ^well as LANDIat (ERTS) photographs. 
The Skylab spacecraft operated at about half the altitude of L^DSAT. Con- 
sequently Skylab photographs contain more detail than LMJDSAT* 

If you'elect to use Skylab photographs in your study/ it is possible, to 
help EKDS speed up your order by emoting the specific photograph, numbers of 
the SGen# you need. You can write to the following address for help, \ 
- Lyndoi/i Bp Johnson Space Center ^^n^ . - ^ = 

Research Data Facility - 
Mail Code TF-8 

Houstoit/ TX / . - 

^Include the names of prominent features in the area. City.riames^ rivers, 
and mountains should be included as well as latitude and longitude* Research 
Data. Facility personnel will check thrbugh their catalogs and provide you 
With photograph identification nM\bers that you can then send to EROS to ob- 
tain the copies you need* o 



*National Aeronautics anff Space Atoinistratioh* ^at ' s . the Use of Land? A 
Secondary School Social studies Project (Jef f erson^County ? Colorado^ Public 
Schools ) , .197S, pp* 32-35^ (For sale by the Superintendent of Documents, 
a.S* Cover ranerit Printing office, Washington, D.C, 20402* /trice SI. 45, 
Stook ,^un^er 033-000-00663-9), 



fr' of black and 'white EROS photegrlpha 

^ w^^ivfBA trom:^^^^ ^ 59*00, Cpior raproduetiQns eoit about tteee tiiiei ai 
;3^iuch ai biaqk and white. For iMre details wite to EROS at Sioux Palls, South 

?::.b^6ta,"" ' ' . " ■ ' " 

AriothM QUtlat for E^S Berviams im located in Bay St* LouiSr MissiMlHpi, 
L'kt.. th# ^lational Spaoi TsiEology Laborataries, anyone can obtain a wide vari* 
of #arth raeourcis inforTOtion and Order photographs by^ writing to s 
■.mtional Spaoe Teohnology Lahoratories ' o 

' Say St. Louis # MS 37520 > ; 

' 2.\ S- GEOLOGICMi SURVEY . ^ : ' ' \ [ 

■ - . ■ ,'\ : . ^'^ ' ■ , ■ 

\u,S, Geological Survey (tis^S)! maps are available from any Regional Federal 
tientir and from cttftain eoinmerciai stores such as epdrtinf " goods stored. The 
T^lfliorft oosron OSGS maps are^^ area IH minutes squMe or 15 minutes square* 

3. SKYLAB EARTH RESO^CES DATA^CATM.OG . ' : \ ^ ^ 

*3^e Skyl^. Earth fiisources Data Catalan prepared by KABAr prnvides a 
|:coTOpleti index of SkylCb earto resourees photographs, and other data* g^Ws di- 

reason ,on how copies can be obtained* It also provides a discipjMtf^by- ^ 
vdisciplisa review af possible uses of toe Slcylab photographs^^^Tdata w^th\ > 

apprppriate illusttatiqnB * 

V In m«Ine resources dato^ channels > shallow river dischargee .q£ 

fjdlnant, and other feacures of waterways often show up bietter from space . 
than by any o toer m^ans - ' -^^^ 

The' environment data deal, in a broad senpe# witti man's environment. 
: The. data ilso proved particul^ly useful regarding specif iQ/enviro^antal 
probl^ns. Sources of water and air pollution often can be located and. ^the 
spread of contaminants - traced for long distances in a single .photograph* 

The Sky lab , tor th Resourees Data Catalog is obtainable from thm Super- 
intendent of DocOTients, uVs* Governmeipit Printing Office, Waaiiingtonr D,C, 

20402 (Price $12,50)* The book nmbet is CTO-3300-00586* 

■ _ - — ■ - j. \ 
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WKESfi TO OET 



;4um^raus Federal ageneiea Are Invaiv^ in matcari aff gating thm :o3lb%;iI- ^ong, Hany h^vg 
ipeqiAi axpartisa infomation that will hm of js# to citiaena wh<, ara partieipating iij the 

devaiQpment gf a^att ms^a.q^mn% plans. For example thay may hav^ da^a that permits state in- 
fom^ci.on to be crBSS-Jhtslced jut '.events it with a regional or" natisnal perspgetive. TTie 
fQlLowinq are MCmg af bait- aou^cv.^ of infemation. 



Qffise of ^Coastal Sen© 

Hanaqem«nt/NOAA 
J3Q0 VJhitehavgn Street* 
'^aahir.qtsn, p,^. 2023 5 
(slea^iAghouae for spe^ 
siali^ed i^saatai £One .tach^ 
nicai information) 

L'*3, Fi3h and wildlife 

Washington, D»C. 2Q240 
fcan provide information 
on iDoal wmtsrfowl, 
fi^h and endangered 
JfcieeieS) 



National ^rine Fiaheries 

S€rviee/NOAA 
Page Building 2 
5300 i/hitehaven Streets N.W, 
Washington, D.C. 20235 
(data on ^opmercial and 
spert fisheriss) 

Offioe of S^a orant/NOAA 
3300 Whitehaven Street* N.W. 
Waahi=ngton, D^C , 2023 5 
(Supporti a large progtaa of 
university r e^eaf eh on oeean 
and ooastal topios) 



Daparttent of Agr%euiture 
Federal Soil Consex^ation 

Servtcs ar^ cooparativi 

Lxtengion Agenti 
waahington, D.C. 20250 
(ean supply hydrologioai and 
soil data, also helpful in pro- 
viding names of looal axparts 
and aoientiati) 



state Coastal Hanagement Program Managers 



NO^li ArLAMTiC REGION 

Conneotiout f Charles MeKinney, Direotor, 

Coastal ^ea Management Frogr^# Dapar^ent 
of Environmental Proteotion, 71 Capitol 
Avenue, Hartford, CT 06115 

Maine ; Aleo Grifftn, State Planning Office , 
Resource Planning Division, 139 Stats Street, 
Augusta, .vE 04333 

Ha ^ sag h'j setts ; S* Russeli Sylva, Assistant ' 
Secretary, Sxeeutive ^ffiee of Environ- 
3*.an^al Affairs, 100 Cambridge Street, 

So: 



New Yofk i Pob^ft mnsQp^ Direetor, Division of 
State Planning, De^raent of State, 
162 Washington Sweaty Albany^ HY 12211 

Rhode island r Danial Varin, Htatawida Planning 
program* Deparmant of Administration, 
265 Melfoie Street, Providenoe, RI 029Q7 



tOHi MA J^dOd ' ' ^ \ Pel aware ; David Hufg, Coastal .Management 

Progra®, Off^Jt of Hariagement, Budget and 
Planning^ Jamei Toitmsend iuilding, 
. Dover, DE 19901 



Georgia 1 James D^d , Planning Division, Office 
Haa|;^^li£f ! ■ — / ""^^i. Division of of Planning s tudget, 270 Washington Street* 

Regional Planning, Office of Cemprehensive S,W., Room 613, Atlanta, GA 303 34 

Plannin.7, State Annex, Conoofd, NH 03JQi 



Ff^jLJ^Jge^ ^ David Kinaey, Chief, Offiee of 
Coastal L^um Mana^emant, □eparSftont ot^ 
Environmencal Fro'^tetion, PiO, Box 1S89, 
Trenton, MJ Oi§25 



Hac yland : Suzanne Say ley* DepafOMnt 

lil^jral RmsQxiCGmm, Energy & Caas^al Zanm 
^dm^p.^&trd.tl■^i., T^weg 3ta^g . 



Ken 



iioath CaroUna : Wayi^e Beam, Wildlife and 

Vyrglnia ; Den W, Budlsng, Office sf co^erse 
"~ and Rgaoureei, 5ch Flssr, Ninth Sc^eet 
:ffiS8 Buildin«Jr Rishasand, VA 23 219 

^iULF/ iSLANDS RSOjO^ 

Co#ital AjE-ea Board, General 
Daphne* AL 

Florida t , Ted Lato^, Bureau of Coastal 

~2on^ Planning* PeparOTent oi Environmental 
R*7uUtion» 2562 Ex^eutive Center Cirole 
East, Hentgepeify Buildinq, Tallahasst^. 

FL "12 301 



Michiqan i Merle Ra^r , Coaatal Zone Managesent 
Program, Departsient oC Hatural Reiourc€i, 
DiViSiOn of Land 'Jse Proqraas. Stephen T. 
Mason Buildinq, Lansing, Ml 48^26 



Minnesota : B&5er Williams, State Planning 
Aqency, Capitol Square Building, 550 Cedar 
Street* Room 100, St. Paul, fOJ iSlSS 



Dhis 



Bruce MePherson, Departinent of Natural 
RtsQureei* Diviiion of Water, 1930 BelcHer 
Drive, Fountain Square, ColimbuSs OH 43224 

Pgnngylvania i^' George E. Fogg* Chief, Diviiion 
of Qutdoor Raereation, Depa#^ent of 
Envirsnmental Reiources, Third >^ Eeily its,* 
P.O. Box 1467, Hlffrisburg, PA 17120 

Wisconsin i Al Miller, Office of State Planning 
i Sneryy, Oni Welt Wilson St,* 1-130, 

M^disQny Wl 53702 



Louisiana t George A, Fischer, Secretary, 
"Department of rr ansportation and Devalop-^ 
ment, P.O. Box 444SS* Baton Rouge, LA 2QBQ4 

Miggisslgpi : Jerry Mitchell, Mississippi 
Marine WsQuroes Council, P.O, Drawer 359* 
Long ee4ch, MS 39560 

P^ierto Rl:o^ FrarJ^ A. MoltJier (ActingK 
^ DipartmJnt of Natural Resources, P.Q. Box 
5857, Puerto ie Tierra, PR 30906 

-^^as: Ron Jones, Director, Texas Coastal 



Mar.3*7'^men = prograiri 



General Land Otf ice, 



'I, Congrass A'/enue, Austin, TK 73/11 

/ir^Ln ralandg t Daxlan Brin, Virgin Is-^^nds 
" PlaSing Office, P.O. Box 2606, Charlotte 
Amalia, St. Thomas. */I 30301 . 



GR.EAT LAXZ5 P^GIQN, 
Til inoig 



Kris Shafer, rllinois CoasLal 
to n e" Ha n ageme fi t Program* 300 N- St^t^ 
Street, toota LOlO, Chi -ago, IL 60S10 



PACIFIC REGION 

Alaska I Glerin AkinS, Policy Developtaent s 
PI inning Division, Qffise of the Governor. 
Pouch AD, Juneau* AK 99801 

California I Joe Bodovitz, California Coastal 
zone Conservation Consiissioni 1540 Market 
Street, 34n rrancisoo, CA 94102 

'^uaxn : David aonvouloir, Bureau of Elanning, 
'iovernment of Guam, P.O, Bok 2950, 
Aqana 9691G 

Hawaii ! DicK Poirier , Department of Planning & 
EconQraic Developrient ^ P.O* Box 2359, 
HOnol lu* HI 96304 

Oregan i Jim Poas* Land Conservation i Develop- 
"mint Cosmiissisn* 1175 Court St., H.E., 
SaltBl, OR 97310 

Washington ^ Rod Mack* Department of Eoology, 
~ State of Washington, Olympia, WA 9i504 



rr.diana: T- "Ted'' Pafitazii, .^tate Planning 
^J?7i = es Agency, UJ West Marleet S^^et, 
uam^iQn Building?, rndlanapolli* IN 46204 



SEA GBANT INSTITUTIONS 



Pam Johnson Linda Weimer have suBmarizad Sea Grant activities and publicationi 

that are relevant to elementary and secondary schools. Write for Informal 
Sugvey of K^lj Publications * University of Wisconsin^ Sea Grant College Prograni^ 
1800 University Avanue , Madison, WI 53706^ July 1977. Information may also 
be requested directly from state Sea Grant Marine Advisory Services. 



AMaka i >^tnm AdvlSQry Se^ica, 3211 
Pravidence Avenui, Anchorage . AK 99504 

Ala^Ama I RsiQvLT^e Ub^ Division r Caop^ra&^ve 
CalifgrniA i Ma^in* Advisory Program* Uni- 



~~iajc 4557, Bilsxi, MS 3953i 

Haw Jgrsgy^ ; Marine SCierise Centgr, ft4tgef3 
Uaiv^Sity, New irunswiqk, HJ QSfQj 

Hew Sagpihire : VNH Sea Grant Marina Advisory - 
Sarvica* Kljiqmtwrf Halif Usiveraity of 
Umv Haspihlra, Durh^« itB 03824 



Cqhne€ ti^'4t : Marina Advisory Sei^'^ies, 
' Un^'^rsity oi ConnBCtiCut, 322 Main 
S.reaat* Waliingforti , CT 06492 

tf Oala^ra f Marina AdvisorV Sarviea, Csllafe 
of rtATina itudiaa, univeriity of Daiaware, 
. Hewaik, OS 19711 ' ^ 



^^wYor^: }r£ Sea 3rant Adviscry iarviee. 



norida? 



Jiar^Ta Advisory Pr^faa. 33Q2 



Mocarty Kail* University Florida* 
Oainaaviiie* FL 32ill 



F*rnow Hall, Cornell univariiEy, Ithasa, 
MY 04153 

Morth CaT'olinai Ext^iion § Putolld iervlqa 
NC itata Univeriity, 133* 19J 1 iuiidingf 
Raleigh,- MC 27607 

Ohio I Extension Wildlife ipeoialist/ 232 B 
Howlatt Hall," ^2*01 flyffe Canter, Ohio Sta^e 
Univ^aity, Columbus, QH 43210 



MM 



Sea Grant Frograa, Univarsity of 
Seorfia, 110 RTvar-faed Read, Athens* Qh 
30602* 

iwaii : iaa^ 3rsnt ProgrMU Qffiqe* Univar'- 



Jity of Hawaii, ..paiding Sail, Roos 255, 
2S4Q Hails Way. Konoluiu. H% 36^22 



Louj^siana i 



Sea jr^t Fro^raa, coastal 
Studies luildlnf , Louisiana State 
'Jnivarsity, Baton Rouge, LA 7QS03 

Maine : Cooparative Extenaion Serviea, yniv. 
of m ;iarlna La^,, Walpola, m 04573 

Maryland ; Cooperative ixteniion Se^ise, 
"1224 lymona Kali, Oni varsity of li^ylarrf, 
College park. ^ 20742 

Hassaqnasattta : MIT Saa ursnt Program, HIT, 
Kocm 1-211, 77 Massaohuaetts Ayenue, 
Caj^ridga, MA 0213 f ' 

Michigan : Coordinator, Advisory Service, 
Michigan 3aa 3ranm^ 27^0 ionistsal 
Sauiavafd, Inlversily of Hichifan, 
Aan Arbor, MI 48105' 

Mlnneso na i Marine ^visory Sar'/it^e, 325 
Ato4.nj.swati3n iullding, Uni'^tr si ty of 
Mixinaiota, Dulath, MH 55312' 



Or^on i Marine Advisory Frogr^, QSU M^me 
Seienea Canter, Mawport. OR 9^363 

Pennsylvania i Urban Forest Wildlife Speoiaiist, 
11 rarguion Building, Pennsylvania State 
OnAvarsity, university Park, FA 16302 

Rhode Island I Marine Advisory Servise, Univer^ 
iity of Mh^a Island, ^^arragansatt lay 
Caspus, Marraqansett, M 02812 



South Carolina; 



Marine Resour"ces Center, 



F,a, ion 12559, Charleston, SC 29412 

tejea^' : Education i Advisory Services, Center 
for Miarine ^sourses, Tenas ASM University, 
Coilega Station, rx 7784J 

vj^inia : Dapt, of Advisory Services, ■/irgin44 
Institute of Marine Seinace, ^loucest^ 
Foiiit, VA 23062 ^, 

washing ton i Washington Sea 'Jrint Marine 
Advisory Prograar 'Jnivarsity of 
Washjj^rion-HG30, Saat^e, 98135 

Wisesnsin i j^dvisgry Ser^/iees, 4 20 Lowell 

Hall, 610 L#a^on Street, Madison* >fl 33706 
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TiESOimCES FOR COASTAL STUDIES 



CURRICULLJH MATERIALS CATALOGS 

^ ^= ' 

A Catalog of Curriculum Haterialg for Marine Environment Studies* Elementary, 
Sacondary . 38 pages ^ $1.00 

A L ist of Books on the Marine Environmen t fo r Children and Young People . 
Annotated, 65 pages , $2.00 

Audio-Visual Aids, Games> and Art for Marine Environment Studies . Annotaced, 
89 pages, S2.00 

An anno tated Bibliography of P' rlodical Sources for Marine Envir onment 
StudiesT Newsletters^ Bulletins , Jou rnals , and MagaElnes . 21 pages, $1*00 

All these are available from Project COAST, 310 Willard Hall, University 
of Delaware, Newark, DE 19711 

k Bibliography of Elementary and Secondary Marine Science Curriculum Pyblects 
and Education bfaterials r University of Rhode Island mtlne Bulletin Series 
//15. 23 pages, New^England Marine Resourcas Programs, Narraganaett, /RI 02882 

A Partial Bibliography for Precollege Marine Science Educators . 94, pages. 
University of Itelne Sea Grant. Orono, bffi 04473 

/ 

/ 

NON-SCHOOL ORG^IZATIONS " / 



League of Women Voters 
1730 M Street, N.V;. 
Washington, D, C. 20036 

Brochures: . Coas^l Zone M lagement * 1 9 7 5 

The UnshorG In act of Offshore 011^1^76 

Enargy and Our Coasts: The 1976 CZM Amrndmemts* 1 ^ 7 7 



FlorLda 4^H 

Florida Sea Grant 

Florida Maine Advisnry Program 

University of FlorLda 

Gainesville, Florida 
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study 1 Incerast in coastal states in daveiopinf marine education programs. 



Call i Local Daparment of Agricultural Extension Service for information 
on local 4H nvaririe education projacts , 

Marine Ecological Institute 
811 Harbor Boulevard 
Redwood, California 94063 

Discovery marine voyages: Aromid San Francisco area, fee, 

Jean-Michel Gousteau Institute 
P* 0. Drawer CC, Harbor Town 
Hilton Head Island, South Carolina 

Workshops: "Man and the Sea" in Savannah^ Georgia and Charleston, South 
Carolina/ fee. ^ 

Coastal Managenient ProgrMia 

Coaatal States ^ = ^ ^ . = , = .^^^^ 

Newsletteri Describes local coastal problems, issues and proposed solutions. 
For addresses see list of state coastal management programs in 
section on "Where to Get Information" , 



ASSISTANCE IN COASTM. AND MARINE EDUCATION 



National Marine Education Association ~ 

546-B Presidio Boulevard 

San Francisco # California 94120 

Newsletter and Annual Coniarencai Contact Thayer Schafer, Exec, Secy, 

Membership SIS 



Sea world (Formerly^, The Journal of Marine Education) 

Sea World Conmitmi cat ions 

1250 Si Ah Avenue 

San Diego / California 92101 

Magazine: Published quarterly ^ includes section on curriculum (included 
in 115 m^nbership in National Marine Education Association) . 



Marina Education Matarials Syst^ 
Virginia Institute of >torine Science 
Gloucester Point, Vtrginia 23062 

Microfiche copies of mar " na education materialsi Itae^ensive, ask for 
of materials available. 



Or, Francii Pottenfer 

Ci^riculum Research and DavelopMnt Group 
Collage of Edupftion, University of Hawaii 
1776 University Avenue 
Honalulu, Hawaii 96822 

i 

Coastai^tudias Coi^se: Designed for 11th and 12th graders, includas eco-^ 

logy? economics, and government, and involves students 
In coastal issues and raanagement systems* Write 
for information on thm course and teacher training. 
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GLOSSARY 



ERIC 



GLOSSARY I 



Algae t 

Sl^le aquatic plants r without true stems # leaves ^ or roots, that 
vary in bLzb from microscopic, unicellular forms to multicallular 
forms mDre than 30,5m (100 ft) long 

Arthropods t 

Segmented invertebrates with jointed lags, including arcaehnidg 
insects r and crustaceans 

Barrier islands: 

Low offshore islands stretching parallel to the shore and separated 

from the mainland by a small body of water,- in tiie United States 

found mainly on the Atlantic coast (from New Jersey south) , along 

the Gulf of MaxicOr and in the Pacific only in north Alaska and in 

an area along the coast of northern Oregon and southern Washington 

< 

Bays 

A wide inlet of water, indenting the shoreline and forming a pro^ 
tected area along the shore of a sea or lake 

Bayou 1 

A marshy, sluggish tributary to a lake or river i from the Louisiana 
French version of the Choctaw word bayuk 

Beach : 

A shoreline area washed by waves and con^osed of sand or pebbles 
Beach grass t 

A strongly rooted plant conanon on sandy shores that helps to anchor 
and build the dunes 

Berm; 

A narrow shelf * path, or ledge typical!" y at the top or bottom of a slope. 
Breakwater: 

A barrier constructed of lltfge rocks or concrete to provide protee= 
tion for beaches or harbors by breaking the force of wave action* 
Groins, jetties, and sea walls are all foms of breakwaters 

Coast! 

Land next to the sea; seashore 

Coastal management 1 

^e development of policies and regulations to inside wise control, 
development, and use of coastal resources 
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Coastal pond con^lexs 

A land and water cor^site that consists a barrier beach, sand dunes, 
marsh, and pondi small off-shora islandn and freshwater streams and 
wetlands are sometimes included 



Coastal rasourcas . _ . . _ 

Anything that gives a source of supply, support, or aid in raintaining 
the value of the coastal region. The value can be counted in various 
terms: monetary (oil, ports, fish), ecological (plankton, dunes, 
shorebirds) , cultiiral (historic areas), aesthetic (scenic bluffs, 
clear blue water) or recreational (marinas, beaches) 



Continantal shalfs 

Tha ocean floor along the coastline toat is si^mergad in the relatively 
shallow seai the sunlit, sut^mergad land from ttie coast to the brink 
of the deep ocean 

Coral raaf: 

A colony of marine animals with skeletons containing calciiai carbonate 
that, massed together, form islands or ridges near the surface of the 
sea in tropical areas (found only in Florida arO Hawaii in the 
United states) 



Crustaceans 

Any mostr.y aquatic arthropod, t^ically with a hard shall covering 
toe body; includes lobsters, shris^s, crabs, and barnaclaa 

Delta 1 

The area where river sediment is dropped at thm mouth of a river 
flowing into an ocean or. large l^e; frequently triangular in shape 
made up of marshy areas, lagoons, and l^es 

Detritus I 

A sediment of small particles found on tha ocean bottom made up of 
the remains of plants and animals and the disintegration of rocks j 
an in^ortant lirdc in many food chains 

Dock: , 
A platform extending into toe water to which, a boat is tied or where 

passengers and ge«- are loaded or unloaded 
Downdrlfti 

Describes direction of sand movement with the prevailing current 

Dune f - _ / 

Elliptical or crescent-shaped mound of sand formed by ,wind action. 
The windward slopes of dunes are gentle, the lee sides steep,. In 
crescent-shaped dunes the convex aide faces the direction from which 
thm wind is blwing. Sand blown ifl? tiim windward side drops down 
the lae slope, causing toe dunes to migrate slowly 
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Eelgrassj 

A grasalike marine herb with ribbonlika leaves that grows on aajid 
and miad^sand bottoms in shallow coastal watars 

Estuary I 

The zone where the fresh water of a river mixes with the salt water 
of the sea I rich in biological activity 

Flood plaini 

Thm flat area along a river ^at is siabject to flooding at high water 
periods 

Food chain 1 

A series of organisins in which mefflbers of one level feed on those in 
the level below it and are in turn eaten by those above it; there is 
a 10 to 1 loss in bulk as the fTOd chain TOVes inward* It t^es a 
1000 kilograflfis of phytoplankton to make 1 kilograa of shark 

Food web I 

The intarconnectad food chains of a biological cossntmity 

Groin t /- 

Breakwater structure constructed outward into the sea or a lake to 
reduce drifting of beach sand along the shore 

Harbor i 

A sheltereia area of water daap enough for ships to mchor or moor for 
loading and imloading; wmy be natural (bays) or artificial (within 
breakwaters) 

Intertidal ^nei 

The wea along the shoreline that is es^osed at low tide and covered 
by water at high tide 

Island.- 

A body of land conpletely surrounded by water and too small to be 
called a aontinant 

isopodi . ' 

^y fresh-water, marine, or terrestrial crustacean having seven pairs 
of legs and a flat body 

Jetty: 

A pier or structure projecting into the water to protect a harbor 
or deflect a current = ^ 

Lagoon 1 

A body of brackish water separated from the sea by santoars or^ coral 
ireefs 
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A large body of fresh or salt water eonpletely surroundad by land 
Littoral 1 

Pertaining to the shore of a lake, sea, or ocean 
Mangrove ? 

A rodarate^sized tree which grows on low, often subMrged coastal 
lands, noted for the land-forming function of its intricate mass 
of arching prop roots which trap silt and debris floating in the 
water 

Ocean : 

The entire body of salt water (seawater) that covers almost Uiree-fourths 
of the eartJi's surface 

Oil rigt - 

A structure for drilling and pt^ing oil from beneath the ocean floor 
to toe water's surface i 

Piers ' ! 

A fixed or floating platform attached to piles or posts over the 
water from the shore i may ba used for mooring ^ats or ships, 
fishing^ etc. . . 

Ponds • 
A body of still water, fresh or salty, that is smaller than a lake; 
frequently constructed to hold water 

Port: , 
A town or city located at a bay or harbor where waterborne transportation 
takes plac4? from the Latin for hoiise door 

Ripraps ' ^ 

Broken stone or other matarlal piled along a shore to prptect it 
from erosion by wavg action ^ 

Riven 

A fairly large'^sized natural stream of water flowing in a definite 
course from an area o* higher elevation to lower elevation, : The 
tam "river" is somet:.Ties used incorrectly to define narrow tidal 
Inlet's 

tocky cliff 1 

'Hie high steep face of a rock mass that foTOS the most arosion-^rasistant 
areas along the shore i ' ^ \ - / 



Salinity I 

Thm measure of th© quantity of diseolved salts in seawatar 
Salt marsh f 

An area of low-lying, wat land with heavy vegetation that is washed 
by tidal action from the sea 

Sand I 

A mxture of tiny grains of different t^^es of disintagrating rocks 
and shalls found along beaches 

Sandbar 1 

An off-shore shoal of sand reiulting from the action of waves or 
currants 

Sea wall I 

A barrier constructed along the edge of a shore to prevent erosion 
from wind or wave actioni some times called bulkhead or revetinent 

Seawatar i 

Thm water of the ocean which is distinguiahad from fresh water by its 
salinity 

Seaweed i 

Any plant growing in tha^ea, specif icajLly Mrina algae like kelp, 
rockweed, and sea lettuce - 

Shore: 

The space between the ordinary high water and low water marks 

Shorelinai 

Where the land and water meet 

Sound: 

A narrow passage of water forming a channel between the mainland and 
an island or connecting to^ro larger bodies of water such as a bay and 
an ocean 

Spit: 

A narrow point of land extending into the sea or a lake formed by 
waves and cttfrants; du^ject to shifting 

Tide I 

The twice-daily rise and fall of the waters of toe ocean and its 
inlets produced by the gravitational attraction of the mson and sun 

Tidal pool: 

A small body of water along rocky shores left by the retreat of the 
tide I a unique enviroMient for many plaht and animal species that can 
withstand highly variable .moistw|^, sali^ity^ and temperature condi- 
tions as well as high winds and pound J/ng" waves 
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Having to do with nutrition 



mm steep slope of the shore cut by wave action 



teeas luch as fresh and salt-water marshes, bogs, or swamps 
that remain wet and spongy most of the tiffe 



s 
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